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(57) Abstract 

The present invention Is directed lo suppoit members having surfaces that are rendeied hydtophllic for use as a substiaie for die 
immobiltzadon bioactive species thereon. The hydraphOic surfaces are chemically stable on the suppoit member. The surfaces are 
also chemically variable lo provide a yariety of chemically ftmcikmal groups for imniobiUz^ioQ of bioactiye species thereto. The sintees 
compiise polymeric surfactants attached onto die surfaces of a support member and covalemty cross-linked diereon to fonn a firrt layer. 
HydrophiUc polymers are then attached to the fiist layer on the supjxMt merolwr to form a second layer thereon. The second layer is used 
to enhance the hydiophBlcity of a support member as well as lo provide a substrate for immobilizing bioacthre species thereto. Methods for 
fomitng the Ant and second layers are also provided. In addition, mediods for attaching btoacthre substances to die hydraphllic polyinen 
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Materials And Methods Fof ImmobiliMtkm 
Of Btnacrive Species Onto Polymeric Substrates 

This ai^Iication is a continuation-iiHpait of co-pending application Serial No. 
S 08/660^698, filed June 3, 1996. 

E\M Qf (hg Invgrnipn 

The present invention relates generally to immobilized chemically functional entities. 
More particularly, the invention relates to materials and methods for the nnmobiHzation of 
10 bioactive species onto polymeric substrates. 

Baclcpround of the Invention 

In the fields of biotechnology, btomedicine, and bioremediation, for example, 
15 bioactive species are often immobilized onto a support member to more effectively utilize the 
bioactive species. The term -hnroobilizc," and iu derivatives, as used herein refers to the 
attachment of a bioactive species directly to a support member or to a support member through 
at least one intermediate component As used herein, the term '*$itzdhr and its derivatives refer 
to adsorption, such as, physisorptim or chemisorption, ligand/receptor interaction, covalent 
20 bondii^, hydrogen bonding, or ionic bonding of a polymeric substance or a bioactive species 
to a support member. Bioactive species include enzymes, organic catalysts, ribozymes, 
organometallics, proteins, glycoin^oteins, peptides, polyamino acids, antibodies, nucleic acids, 
steroidal molecules, antibiotics, antimycotics, cytokines, carbohydrates, oleophobics, lipids, 
pharmaceuticals, and therapeutics, for example. Cells, such as, mammalian cells, rqptilian 
25 cells, amphibian cells, avian cells, msect cells, planktonic cells, cells fiom non-mammalian 
marine vertebrates and invertebrates, plant cells, microbial cells, protists, genetically 
engineered cells, and organelles, such as mitochondria, are also bioactiVe species. In addition, 
non-cellular biological entities, sudi as viruses, virenos, and prions are considered bioactive 
species. 

30 There are various materials suitable for use as a support member for immobilizing 

• bioactive species. Examples of these materials include hydrocarbon polymers, fluorocarbon 
polymers, ceramics, and metals. Of these materials, polytetrafluoroethylene and porous 
polytetrafluoroethylene, are ofparticular interest as support members. Pdlytetrafluoroethylene 
(FITE) is a hydrophobic fluorocarbon polymer well known to have exceptional resistance to 

35 solvent and chemical atuck. Porous polytetrafluoroethylene can be made in a variety of ways. 
For example, coextrusion of a polytetrafluoroethylene extrudate with a readily vaporizable 
material, such as naptha, forms a nuiterial from which the readily vaporizable material is 
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ulthnalcly removed lo render the material porous <See U.S. Patent No. 3^281.51 1, which is 
incorporated herein by reference). Expanded polytettafluoroethyleoe (ePTffi) or stretched 
polytetrafluoroethyknc arc porous fluorocarbon polymer maleriab characterized primarily by a 
multiplicity of roterconnetting voids defmed by nodes and fibrils of polytetrafluorethykne 
5 material Expanded PTTC maleriab. inchiding elTO membranes and films described 
hcrcinbdow, may be made according lo the teachings of U^. Patent Nos. 3.953.566. 

3,962.153. 4.096.227. 4,187.390. and 4.902,423, each of which is incorporated herein by 
frfaelu*. In general porous FITC materiab are chemically stable and very biocom 

The materials have easily controlled pore sizes with bsrgc surface areaArolome ratios, good 

10 mechanical strength, and good resistance to fouling, among other properties. Accordingly, 
these materials are attractive as support members for the immobilizationofbioaciive species. 

Several methods for immobilizing bioactive species onto fluorocaibon polymen, such 
as FTFE, porous FTFE, or hydrocartxin polymeric materials have been taught in the literatuie. 
These methods inchide, for example, chemical modifications of the polymeric material to fonn 

1 5 chemically reactive groups thereon for covakm bonding of a bioactive species to the material, 
adsorption of a bioactive species to the polymeric material, and modifying the polymeric 
material and/or a bioacUve species with compaobaizers. surfactants, or wettmg agents lo alter 
their surface eneiSies. As described below, there are diffuaiWes with each of these methods. 
Due to tf« extreme chemical inertness of the backbone of fhiofocaibon polymen and 

20 manyhydrocariK,npolymers.onlyhighlyene.geticclassesofreactiomcans«cccs»l»lly^ 
thebackboneofthesemateriabtopioducechemicallyieactiveorganicmoietiestta^ When 
diemicalbr reactive organic moieties aie formed along the bacHKme of a fluoroa^ 
hydrocartwnpolymer.bioactive species canbeattachedtothe moieties. For example, enzymes 
havcbeen chemically attached onto ammonia pbsma-treated fluoiopolymer surfaces usmg 

25 ammonia plasma and glutaraldehyde (See M. Kawakami. H. Koya, and S. Gondo. 
-immobilization of ghicose oxidase on polymer membranes treated iqrlow^emperatnre 

plasma.- fiiiacduJiom.. 32: 369. (1988)). or aminosilane and ghitaraWebyde (J.M. Taylor. 
M a,eryan,T. Richardson, and NJ. Olson. -Peprin immobilized on inorganic supp^ 

the continuous coagulation of skim milk." Biotah, Bwcng.. 19: 683 (1977). for example). 

30 Represeniativeexamples6fthesehighlyenergeticreactionsinclude.thermaldecom^ 

• (U S Patent No. 5.296.510. issued to Shigeni et al.). irradiation with electrons, gamma rays, 
radio waves, microwaves (T. Kasemura. S. Ozawa. K. Hatlori. -Surface Modification of 
Fluorinated Polymers by Microwave Plasmas." LAdhfidflD. 33: 33 (1990); Commonwerith 
Scientifc and Industrial Reseairh Organisation in PCT/AU89A)0220; Y. Ilo. Y. Iguchi. T^ 

35 Kashiwagi. Y. Imanisihi. "Synthesis and m,nthn»nbogenici^y ^^J^l^^f^^f;^ 

grafted with poly(sodh.m vinyl sulfomi^)." 1 Birnntd Malcr . RW. 25: 1347 (1991); and Y 
ito M Kajihara. Y.lraanishi. -Materials for enhancing eeU adhesion by immobiUzation of cd^ 
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adhesive pcpddc." J. Biomed Mati>r Pi>{i., 25s 1325 (1991)), or UV light (K. Allmer, A.E 
Feiring, '^Photochemical Modifjcatkm of a Fluoropolyroa' Surface,'* Macroinole<n^j gj | , 24: 5487 
(1991); A.B. Poinler, W.R. Jones Jr., R.H* Janse, "Surface energy changes produced by 
ultraviolec-ozone inradiation of poJy(methyl methaciylate), polycart)onale. and 
5 polytetrafluoroethylcne.- pQlvm, Eng, Sgj,. 34: 1233 (1994)), glow discharge irradiation (R. 
Sipehia, G. Martucci, M. Baibarosie, C Wu, -Enhanced Attachment of and Growth of 
Human Endothelial Cills Derived from Umbilical Veins on Ammonia Plasma Modified 
Surfaces of PTFE and cPTPE Syndietic Vascular Graft Biomaterials,*' Btomai At^ , 
Immob. BiolCCh.t 21: 455 (1993)), and redox reactions with strong nucleophiles such as 
10 sodium or potassium aryloxides (G.A. Costeilo, TJ. McCarthy, ^Surface-selective 

hitroduction of Specific Functionalities onto PdIy(teMhiQroediylene),'' Macramnt^ ni^j^, 20: 
28 1 9 ( 1 987); A J. Dias, T J. McCarthy, ^'Introduction of carboxylic acid, aldehyde, and 
alcohol functional groups onto the surface of poly(chlorotrifiuoroediylene)," Macromnlfy^ |[^, 
20: 2068 (1987); G.E. Sweet, J.P. Bell, "Selective chemical etching of poly (ethylene 
15 terephthalate) using primary amines,- J. Polvm. Sci Phvs. Ed . 16: 1935 (1978); and H.B. 
Lin, S.L. Cooper, ''Polyuretbane copolymm containing covalently attached RGD-peptide,** 
Mat. Rgg, SOC. SvinPi Prog.. 252: 185 (1992)). or ozone (ILL. Daubendiek, J.G. Calvert, 
"The Reaction of Ozone with Perfluorinated Polyolefins,** Environ. Lgti.. 6: 253 (1974)). 
These high-enogy modifications can be highly destructive to polymeric materials, 
20 however. With PTFE and porous PTFE, for example, high-energy modifications of the 
fliiorocarfoon backbone often leads to uncontrolled surface oosion of the material, 
depolymcrizatton of the pcrfluorocarbon backbone (A.B. Pomler, W.R. Jones Jr., R.H. 
Jansen, "^Surface Energy Changes Produced by Ultraviolet-ozone Irradiation of Poly (methyl 
methaciybte). Polycarbonate, and Ptolvtetrafluoroethvlene,'' Polvm. Eng. Sc^^ ^ 34: 1233 
25 (1994)), reduction in the stmigth of the polymer substrate (S. Kanazawa, T. Takiguchi, A. 
Nishhnora, T. Morita, and A. Uno, "Development of a Hydrophilic PTFE pcvous membrane 
filter,** Sumitomo Pgnki, 147:99 (Sq)L, 1995), and fess of defmed fibrillar structure of porous 
expanded PTFE (U.S: Patent No. 5,462,781, issued to Zukowski). 

Furthermore, high energy modifications to hydrocarbon polymers and fhiorocarbon 
30 polymers, such as PTFE or poipus PTEE, often produce reactive compositions o^ 
' hydrocarb(morflu(HXK:arbonbacldx>nethathaveanundeterminab 

identity, and chemical stability (X. Xie, T.R. Gengenbach, and H J. Griesser, "Changes in 
wettability with time of plasma modified perfluorinated pblvmers,* I, Adhesion Sci. Tgrh|n ^[, 
6:141 1 (1992). In addition, the modification of the hydrocaibon or perfluorocarbon backbone 
35 may be spatially uneven, with microscopic or macroscopic areas of Ac polymer remanung 
unmodified. At best, these surface compositions can only be enipirically determined and so 
may be.only partially known. 
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With a hydrophobic porous polyiner. such as «PTFE or porous polyethylene, for 
example, modification of the baclAone may be limited to 

material, with the inner pore structures remaining mostly or completely unmodified. As a 
result, the unmodified regions of the polymer support member remain hydrophobic and so do 
5 wrtreadilysuppoitwettingwithhighsurfacetensionBuids. totbeabsoiceofsuchwe^ 

continuous passage of high surface tension fluids through the support member for mass 
transport of reactants or nutrients to and ftom an immobilized bioactive specie 
established or maintained ^ntennident or incomplete passage of high surface tension fluid 
phases in a porous polymer support member can lead to chamidmg of the high surf ace tcnsk^ 

10 fluid through only portions of the porous material, rcsuhing in reduced efficiency. Moreover, 
these unmodified areas camK)t be imnwbilized with bioactive species, resuhmg in 

use of the high surface area of the porous material ^ 

Due to these limitoiions, modification of the backbone of a hydrocaibon or 

nuorocaibon polymer support member with a high energy reaction is most often an unsuitable 
15 method for imniobiliiation of Woactive species. 

As an ahemative to diese chemical modifications of polymeric surfaces, noncbemical 

methods have been employed to attach bioactive species to hydrocaibon and fluorocai^ 

support members. In the simplest method, a bioactive species is immobilixed onto the surfaces 
ofafhiorocarbonpolymerviasimplephysicochemicaladsoiption. For example. M. Rucha. 

20 B Turkiewicz. and J.S. Zuk, "Polymeric membranes for Upase immobaizalion.- J , Am . Oil 
rh.m Soc. 67: 887 (1990) and Shulte. M. et al.. - Continuous ht ITvoChicose Analysa 
Based On Immobilized En2yroeBoundToDerivati»dTeflonMembrane," TTanii . ASAIQ. 2S: 
66 (1979) each teach enzyme physisoiption onto ePITE. However, pbysisoiption of ba»ctnrc 
species is often kineiically and theimodynamically unstable, highly reversible, and 

25 competitivdydisplacedbysolutionphasereactants.p»od.ucts.ornutrients-lnaddit^^^ 

physisorption may alter or damage the bioactive species. Thus, physisorption of bK«cttve 
species to hydrocarbon polymer or fhwrocarbon polymer support members is not usually a 
suitable immobilization technique. Furthermore, the hydrophobic properties ^^^V^ 
hydrocarbon poly mer or porous fluorocarbon polymer support member, such as cPIFE. otoi 

30 prcventphysisorptionofabioactivespedesh»thei«Krpd.esln«m«sofft^ 

In another non^hemical hnmobilizatioo scheme, bioactive species such as ceUs have 
been immobilized to porous PTFEsupportmembers. For example, bacteria and yeast cells 
have been immobilized in FITE f*ril matrices using an emulsion of FITE and surfacianu 
(F.W. Hyde. G.R. Hunt, and L.A. Errede, "Immobilization of bacteria and Saccharomyces 

35 cerewaoe in poly(tetrafhioroethylene) membranes." i^irpt Fnvimil MlCTObBl. . 57: 219 
(1991)) The surfactant isnecessaiy to ensure forthepresenceofacominuouswaterphasc 
Om>ughout the emulsion in orderto allow diffusion of nutrients to cells immobilized withm the 
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porous regions of the material. This method for trnmobilization of cdls in the porous iffatiricfs 
of a fluorocarbon polymer is quite harsh» however, as many surfactants are cytotoxic. As a 
result, this method is not generally applicable to all cell types because the reaction conditions 
are often toxic to cell types such as plant or mammalian cells. In addition, the surfactant may 
5 initially obstruct some or all of the void space of the pores in such a porous support member. 
I^ly, the surfiictamnuqr leach from the support monber with Ci^ This often presents a 
toxic environment to the immobilized cells or diarnielli^g of nutrients, resulting in a 
heterogeneous distribution of cells within the porous support member. Acconiingly» this is 
often an unsuitable method for the immobilization of bioactive species. 
10 In yet another non-chemical method, mammalian cells have been immobilized within 

eFTFE support members by forcing the cells into the pores of the material by hydrostatic 
pressure (University of Washington, PCTAJS95/03735), Hov^rever, cell viability is often low 
due to mechanical shearing forces produced during the process. In addition, the ePTFE 
remains hydrophobic and mass transpcnt of liquid water across the thickness of the material 
IS may remain low, resulting in suboptimai transport of nutrients to the immobilized cells. 

In an attempt to improve the immobilization of bioactive species adsorbed onto 
hydrocarbon or fluorocarbon polymer support members, the hydrophobicity of the surfaces of 
such polymer support members can be modified with hydrophiOc surface active agents, or 
surfactants. Hydrophobic surfaces arc low energy surfaces that are readily wetted by low 
20 surface tension fluids, such as low molecular weight hydrocarbons or alcohols, and most low 
molecular weight organic solvents, such as benzene, acetone, toluene, and dioxane, etc. 
Hydrophilic surfaces, on the other han4 are high energy surfaces that are readily wetted by 
high surface tension fluids. Examples of high surface tension fluids include, but are not 
limited to, liquid water, aqueous salt and protein solutions^ dimethyl formamide, dimethyl 
25 sulfoxide, glycerol, hexamethyl phosphorictriamide, formamide, and glycol, for example. In 
these methods, surfactants were physisorbed onto the surfaces of a polymeric hydrocarbon or 
fluorocarbon support member. When a surfactam is applied to the surf sices of a hydrojdiobic 
polymeric support member, the surface energy of the support member is usually increased. The 
increased surface energy of the support member often facili tates attachment of a bioactive 
30 species to the support member. For example, U.S. Patent Nos. 5,077,215, issued to 
• . McAuslan el al., 5,183,545, issued to Branca et al., and 5,203,997 issued to Koyama et al., 
teach the adsorption of anionic and nonionic fluorocarbon surfoctants to die surface of 
fluorocarbon support members to modify their hydrophobicity. As a result, the nomially 
hydrophobic surface of the polymer was rendered more hydrophilic. This was followed by 
35 physisorption of a bioactive species onto the surfactant-mpdifled polymer surface. 

In similar methods, the adsorption of surfactants onto polymeric support members is 
taught wherein bioactive species are subsequently bound to the adsorbed surfactants. For 
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example. U.S. Patent No. 5^63.992. issued to Guire et aL, teaches adsorption of polymeric 
chains to a support member, to which biomolecules are attached through a photoactive agoL 
In this manner, bioacuve species were more readily immobilized onto the support member than 
if direcUy immobilized onto the underlying hydrophobic polymer surface. Altejnativdy, the 
5 bioactive species may be covaiently bonded directly to the surfactant nther than physisoAed 
thereto (See also. U.S. Patent No. 4.619.897, issued to Halo et aL, for example). 

In these methods, the presence of a surfactant provided for a surfece having a 
hydrcphiUcity that initially enhanced the immobilizaUon of bioactive species. For porous 
support members, the surfactant also initially provided continuous water phases through the 
10 pores of the support member. As discussed in greater detail below, immobaization of bioactive 
species wHh surfectanu is usually unsuble over thne, however. 

The physicochemical stability of the immobUizedbioacUvespeciei is another conoem 
when bioactive species axe immobUized with surfitttants. Theadsorptionof surfactanttto a 
polymeric support member can serve to enhance the strength of biospecies adsoqrtion. but the 
15 biospeciesmaydesorbfromthcsurfiMWrt-treatedrorfacencverthdess. In order to miprove 
the retention of the bioactive species on a support member. U.S. Patent No. 4.885^ 
issued to d-Eveleigh.'teaches modifying biological ligands themselves with surfactants pnor to 
physisoiption of the surfactant onto the support member. However, modification of Woacdve 
species with surfactants prior to physisorption onto hydrophobic polymer surfaces may 
20 dramaticallyimpactthebioactivityofthebioactive.pecies.Fdrexample.thee^^ 
dehydrogenase was admixed v«th surfactants and physisorbed onto PITE microparticies 
resulting in a drop in enzymrtic activity of 96% ( N J). Danietam. and R.W. Sie.? «j. ^ 
-Immobilization of en^mes on polytetiafluoroethylene particles packed in HPLC column^ 
p;».^hllin«.«.. 23: 1913 (1981)). In another example, the enzyme urease was modified 
25 wiUi perfluoroalkyl chains and then physisorbed onto ePn=E resulting in an inidal drop m 
enzymatic activity of 10-18% and poor overall enzymatic stability (RJC Kobos.J.W. 
Eveleigh M.L. Stepler. B J. Haley. S.L. Papa. -Pluorocarbon-Based ImmobUization Method 
forPrepanitionofEnzymeElectrodes.-AmdJaan-60:l^ 

adsortx^ surfactant-modified bioactive species may remam molecuhriy motile ami may m>^ 
30 andclusteronthesurfaceofahydrocaibonpolymerornuorocaibonpolymersupportmen^^ 
• Th,sefrcctmaybeacceleratedwiththeapplicationofcosoWents.changesmpH.orele^^ 
temperatures, such as autoclaving, often leading to signifVomt reorganiratioo of the 
species on U« surface of the support member. This can cause a loss in wetting potential of |he 
support member with high surface tension liquids and/or uneven spatial inunobU«atmo of a 
35 bioactivespecies(U.S.PatentNo.5.352.511,issuedtoAbaysekametd.). Asam^Uof 
these limita.ions.modifu:ationofabioactivespecieswithas«rfectam^ 
bioactive species to a hydrophobic si^ort number is most often an unsurtable method. 
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Surfactants, whether physisorbed onto a hydrophobic supped member or attached Co a 
bioactive species and then adsorbed to a hydrophobic sufyport roembor, are subject to 
desorption. For example, R.I. Foster, et al. in "Analysis of Urokinase Immobilization on the 
polytetrafluoroethylene vascular prosthesis,** AmJLSui&f 156: 130 (1988) teach adsotption 
S of the hydrocarbon surfactant tridodecyimethyl-ammonium ddoride onto the surfaces of 
ePTFE followed by immobilization of the eiizy me urokinase to the surfactant The adsorption 
was unstable and the enzyme/surfactant construct was eventually cfisplaced An additional 
limitation with this immobilization method is die tendency for the surfactam to leach into the 
solute phase, often with undesired consequences, such as contamination or inactivation of 
10 desired products or the bioactive species. Accordmgly, immobilization of bioactive species 
onto a hydrophobic support member with a surfactant is usually unstable, short-lived, and 
potentially harmful to the bioactive species. 

The stability of surfactant adsorption on a hydrocarbon or iluorocarbon polymer 
surface can be enhanced by increasing the molecular weight of the surfactant (J.H. Lee, i. 
IS Kopecck, J.D. Andrade, "Protein-Resistant Surfaces Pr^iared. by PEO-Containing Block 
Copolymer Surfactants,- j, Biomcd, MatCT, Rcs,* 23: 35 1 (1989)) or by lowering the 
molecular entropy of the surfactant (J.H. Lee, P. Kopeckova, J. Kopecek, J.D. Andrade, 
""Surface Properties of Alkyl Methaoylates with Methoxy (polyethylene oxide) Methaciylates 
and Their Application as Protein-resistant Coatings," Biomatcrials . 1 1: 455 (1990)). Either of 
20 these apix-oaches can be accomplished by jroducing surfactants with branched or comb-like 
hydrocarbon chains, rather than linear hydrocaurbon chains, for example. However, the 
stability of the adsmfoed surfactant may still be transient, albeit much strcmger, and may desorb 
. from the support surface nevertheless, rendering this technique potentially unfeasible for long 
term sqiplications. 

25 In another method lo reducjc surfactant desorption or surfactant motility, adsorbed 

surfactant chains may be covalently cross-linked to adjacent adsorbed surfactant chains, 
producing new surface-bound planar molecules. The resulting planar molecules are of very 
high molecular weight and have greatly reduced molecular entnq>y. This type of cross-linking 
dramatically reduces the incidence of descnption or surface migration of the surfactant. For 

30 example, MS. Patent Nos. 4,929,666, issued to Schmidt et al., and 5,0()6,624, issued to 
• Schmidt et aL teach adsorbing copolymers of fluoroalkyl acrylates and carboxylic vinyls, 
respectively, onto iluorocarbon polymer surfaces, followed by surface cross-linking of 
adsorbed carboxylic moieties to produce a coatmg highly stable to surface reorganization or to 
desorption. In another example, a hydrophilic fluorocarbon polymer of tetrafluoroethylene*<o- 

35 vinyl alcohol was adsort>ed and chemically cross-linked to itself using a polyether bisoxirane 
cross-linker (U.S. Patent No. 5354,587, issued to Abaysekara). In another example, a 
hydrophilic hydrocartx)n polymer of polyvinyl alcohol was adsorbed and cross-linked to itself 
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using a dialdchydc cross-linI«r (U.S. Patent Nos. 4.1 13,912 and 4.193,138. both issued to 
Okita) This resulted in the ePTFE surface being rendered wettable with liquid water and the 
adsorbed copolymer molecuks being highly resistant lodesoiption or to surface nupalioa 
However these hydiophiUc surfaces have limited or greatly reduced numbens of 

5 functionidgroupstowhidiaddiUonalpolymenorbioactivespeciescanbeattac^ 

adsort,ed copolymer layer is def«ent in the desired number or identity of chemically fonctNmal 
groups h possesses. d>en the capacity of the adsorbed copolymer or surfactant byerto 
fannobilizebioactiyespecieswillalwaysremainsubopthnal. Accordingly. thB type of cross- 
linking of adsorbed surfactant or copolymer molecules on hydrocarbon or fhiorocaibon 

0 polymersupportmembersisoftenunsuilableforthesubsequemimmobilizationofb^ 

Species. 

A support member having chemically stable and chemically variable hydiophiiic 
polymeric surfaces attached thereto as a substrate upon which bioactive species arc stably and 
efficiently immobilizedwouldbeuseful. Such a construction would enable a pracUtumer to 
15 i«,casethem.mber«Hl/orvarietyofimmobilizedbioactivespecies. A practitioner would also 
be able to select a conjugation scheme for immobilization of a bioactive species that is best 
suited for the particular bioactive species. 

«f ^ ^maiv of t>"^ Invention 

As described in the BackgroumI Section, prior methods for the hnmobilixation of 
bioactive species to support members comprised of hydrocarbon polymer or fluoroc»bon 
polymerbasedmaterialsareproblematic. The present invention resolves die above^lesa*ed 
problems witf. a construction that eliminates chemical modif««tio«s of the su^ort mmb«. as 

25 wdlas,thenecessitytotakeprevemativemeasurestoreducetbed^^^ 

bioactive species from the support member and U« necessity to modify the bK«ctnre spe«^ 
withsuffactamspriortoimmobaization. The present invention Fn,xides a support m«nb^ 
JuhhydrophilicVuLestowhichbioactivesp^ Tl.e hydrophUK: 

s«rfacesofU«cons.ruc.iooarechemicallystable.m««mberandtypeofchem.^^^ ^ 

30 f^ionalg«»psofthehy*ophi.icsurfacescanbevariedTl.eabili^tov^^^^ 
. lunctionalgroupsofthe hydrophilic surfacespermitsapiacutKmertomcreaset^ 

and/or variety of chemically functional poups to which bioactive species can be umnobilaed. 

Thepresentinventionalsopennitsapractitionatoselectaconjugation^h.^^^^ 

im„^ilizationofbioacUvespeciesd«.bestpreservesthebio«:ti^ 

35 immobUizedWoactivc species. 

In the present mvention. adso^rtion of a polymeric surfactant onto a support member, 
followed by cross^Iinking chams of the surfactant polymers together msiiu provdes a 
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physically and chemically stable substrate, or first layer, to ^ich a hydnqfrfiiiic polyiner is 
subsequently attached forming a second layer thereon. PlreferBbly, the hydrophilic polymer of 
the second layer is covalently attached to the cross-linked polymeric surfactant of the first layer. 
The hydrophilic poiym^* of the attached second layer has chemically functional groups throtigh 
5 which bioactive species are immobilized. The hydrc^hilic polymer of the second layer is 

selected to provide one or more specific type of chemically functional group for inunobilization 
of bioactive species. Once a bioactive species is attached to the second layer, the result is a 
support member having hydrophilic surfaces that are physically stable and chemically variable 
to which bioactive species are stably immobilized (See Rgure 1). 
10 If desired, a plurality of lay iers of hydrophilic polymers may be attacbiKi to the first . 

byer and bioactive species attached to at least one of the layers (See Figure 2). In addition to 
serving as a substrate for immobilization of a bioactive species, additional layers of hydrophilic 
polymers can seive to enhance the hydrophilic properties of the construction and/or as a 
permeable protective covering for the bioactive species. 
1 5 Altemati vcly» bioactive species can be immobilized directly to chemically fimctional 

groups of the first layer, as illustrated in Figure 3, or to occess chemically functional groups of 
the cioss-linldng agem attached to the firet layer,, as illustrated in K 

Refenriiig to Figure I, one onbodiment of the presort invention (10) is directed to a. 
material having immobilized bioacdve species comprising a support member (12); a fbst layer 
20 (14) comjnrised of at least one species of a polymeric surfactant attached to the support member 
and cross-linked together in situ; a second layer (18) comprised of at least one species of a 
hydrophilic polymer attached to the first layer, and at least one type of bioactive species (19) 
attached to the second layer. 

While the present invention has wide applications, it is particularty. suitable fmr 
25 immobilization of insulin secreting pancreatic islet cdls or genetically mgineered insulin 
secreting cells. Immobilization ofsuch cells may be useful for feciUtating transplants 
and/or implantation of the cells into a recipient as a means for treating of ameliorating various 
diseases, such as neuro-endocrine diseases, including diabetes mellitus, neurological diseases, 
including Parkinson's Disease, roetalx)lic deficiency diseases, including Hurler*s Disease, for 
30 example. The present invention is also suitable for the immobilization of renal epithelial or 
• interstitial .cells for use in renal failure therapy. Of particular interest in this regard is the use the 
present invention in the form of a membrane barrier for the encapsulation of inwiobilized 
thor^utic cells. Anotberuseof the presqntinvemion is for the immobilization of hqmtocyies 
for construction of extracorporeal liver assist devices. Yet another use is the immobilization of 
35 bioactive species, such as autologous vascular cndothdial cells, onto a synthetic vascular graft 
or onto a polymer coated metallic stent for improvement of vascular patency. Further uses 
include the immobilization of anti-coagulant factors, such as heparin, heparan sulfate, tPA» 
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protein S. various lysine compounds, urokinase, FOtcin C. etc. onto a synthetic vascular graft 
orortoapolymercoatedmctallicstcrt for iroprovenuatf of vascular pat^ immobilizatioDof 
pro^oagulant factors, such as tissue factor, von WiUebrand fector, fe^ 
thrombin, etc.; the inunobiliiation of aclhesionHtependcnt or adte 

5 comprising genetically cngineeitd ccUs for use in genetic thenar. *e immobifizatioo of 
adbesionsIq)endent or adhesion-independent ceU lines for use in nansplanlation therapy; the 
iirnnobilization of pro-adhesive ligands. such as the tripcptide Arg-GIy-Aip. collagen*, and 
fibronectin. for example, in order to promote adhesion of celhilar bioactivc species, the 
immobilization of anti-adhesive Ugands, such as dextran. albumin, and polyethylene glycol, for 

10 example, in order to reduce noo-spedficcelluto adhesion to support members; and ihc 

immobaization of bacteria or yeast cells for use in bioremediatioii and bidechnology. 

In other applications, enzymes, catalytic antibodies, or phase Iranrfer catalysts maty be 
employed m the present invention to perform biocatalytic reactions, such as biosensmg and 
enzyme affinity chromatography. In addition, proteins, peptides, carbohydrates, antibodies. 

15 lectins, or lipids may be utilized in the present mvention to prepare Ugand affinity or 

hnmunomatrix chromatography cohimns for detection or separation of products ftom a liquid 
stream. Another use of tiie present invention is as a solid substrate upon which tiie s ynthesu 
of peptides or drugs can be conducted, inmany of these uses. Uie present invention comprises 
a permeable, or semii«meable, mcmbiane bairier tint provides a continuous solvent phase 

20 acrossti»ebarrier,suchasforlransportofgases.nutrienl8.orreactionprodiicts. 

The present invention is also directed to methods for rendering the surfaces of a 
hydrophobic support member more bydrophilic by elevating the surface energy of these 
materials to support wetting and spreading of high surface tension nuids thereon. The present 
invention is also directed to methods for stably immobilizing bioactive species to the 

25 hydropWlicsurfcces formed on U»s»q>port member. 



ftrifif TVMfiptinn of the Drawmeg 

Figure 1 iUustiBtes a cross-section of tiic present invention (10) having a first layer (14) 
attached to a support member (12) wherem the letter "x" mdicates that the constituents of the 
firsl layer are ooss-lmked together and the symbol (16) indicates excess chemintty 
fonctional groups of the cross-linking agent to which a second layer ( 1 8) is attached. The letter 
"B" (19) in Figure 1 rqpresents a bioactive species. 

Rgure 2 iUustrates a cross-section of tiie present invention (20) having an additional 
layer (26) of hydrophilic polymers attached to a second byera4) .witii bioactive species (28) 
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hnmobilized to the additional layo* (26). The letter ''x*' indicates that the constituents of the first 
layer (22) are cross-linked together and the symbol (23) indicates excess chemically 
functional groups of the cross-liniung agoit to which a second layo^ (24) is attached. The 
additional layer of hydrophilic polymers is represented as being attached to the second layer by 
a plurality of vertical lines. The letter **B- (28) in Figure 2 represents a bioactive species. 

Figure 3 illustrates a cross-section of the present invention (30) having a first l^er (34) 
attached to a support member (32) wherein bioactive qpecies are immobilized directly to 
chemically fimctional groups of the first layer. The letter ^'x'* indicates that the constituents of 
the first layer are cross-linked together. The letter ''B*' in Figure 3 represents a bioactive 
species (36). 

Figure 4 illustrate a cross-section of the present invention (40) having a first layer (44) 
attached to a support member (42) wherein bioactive species (48) are immobilized to the first 
layer through excess chemically functional groups of the cross-linking agent. The letter "x'' 
indicates that the constituents of the first layer are cross-linked together. The symbol **n" (46) 
represents excess chemically functional groups of the cross-linking agent. The letter "B** (48) 
in Figure 4 represents a bioactive species (48). 

Figure S is a scanning electron micrograph of the microstructure of a porous 
poly tctrafliioroethlyene support member having a bioactive species imnipbilized thereon. 

Figure 6 illustrates a cross-section of the present invoition (60) having a first layer (64) 
attached to a support member (62) wherein the constituents of the first layer are cross-linked 
together and excess chemically functional groups of the cross-linking agent arc present. The 
letter "x** indicates that the constituents of the first layer are cross-linked together. The symbol 
(66) represents excess chemically functional groups of the cross-linking agent. 

Figure 7 illustrates a cross-section of the presoit invention (70) wherein a first layer 
(74) is attached to a support memtier (72) such that the number of chemically functional groups 
available for immobilizing bioactive species (71) from the first layer is increased by the addition 
of a second layer (78). The letter "^x** indicates that the constituents of the first layer are cross- 
linked together. The symbol (76) rqnresents excess chemically functional groups of the 
cross'linking agent. The symbol '"-A** in the region depicting the first layer indicates 
chemically functional groups of the constituents of the first layer that have beoi consumed 
during the fonnation of the first layer and are no longer available for immobilization of 
bioactive species. The letter "^A** on the second hiyer represents unreacted chemically functional 
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spcclw or attachment of additional layers of hydrophiUc matenais inenw 
in Rguie 7 iqwesoits a bioactWc species. 

Fi,»e ! Uluaru- • ao»*cdoo of ft. p««. '■^^^ W > <■■" 

Rgurc 9 ni»««e. . cdl ««p™l«io. »», . m«fa« 

lo the present tovcntkwL 

Rgure 10 is a photograph of an embodiment of thepresen. invention wh^^^ 
bioactive species is immobUized in a pattern on porous poly tetrafluoroethyk-c. 

Reurc 1 1 illustrates a cross-section of Ihepresent irtveotio^ 
(„4)ari^o upponmemberOnjar-las^ 

ZC;XercoJu«,(n8)i.i«.erposedW^ 

TTkner -x-mdica.es that U« constituents of the frrst layer are cross-lmked U,gether. 

m^illT-l^aiSJrepresentsexcess chemicany fu^U^^ 

agsnt The letter -B" (119) in Rgurc 11 represents a bioactive spec.es. 

HgureniUustratesanembodimem of the present im^ention in th^ 

graft 



12 



wo 97/46590 



PCT/US97y09«4 



significantly reducing the porosity of the suf^rt member (See Figure 5, for example). The 
result is a support member having surfaces rendered hydrophilic and wettable with high surface 
tension fluids throughout its bullc to which at least one type of bioactive species is immobilized. 
In the preferred embodiment of the present invention, the construction is assembled 
5 from the folio wmg components: a suppoit member comprised of a polymeric material; a first 
layer comprised of at least one species of a polymeric surfactant, or a muhifimctioDal 
copolymer, comprised of at least one domain that has a physicocheroical affinity for the support 
member to allow physicochemical adsorption of the polymer onto the surface of the support 
member and at least one other domain that is chemically reactive lo allow covialent cross-IinUng 

10 with a suitable cross-linking agent; a suitable cross-linking agent; a second layer comprised of 
one or more hydrophilic surfactants, homopolymers^ or copolymers that contain chemically 
functional groups capable of reacting with unconsumed free cross-linking groups frorai the first 
layer and have additional groups to provide increased hydrophilicity to the construction and for 
subsequent attachment of bioactive species thereto; and a bioactive species attached to the 

IS chemically functional groups of the second layer. 

Suitable materials for a hydrophobic polymeric suppoit member include, but are not 
limited to, polytetrafluoroethylene, expanded polytetrafluoroethylene, porous 
polytetrafluoroethylene, fluorinated ethylene propylene, hexafluroropropylene, polyethylme^ 
polypropylene, nylon, polyethyleneterephthalate, polyurethane, silicone rubber, polystyrene, 

20 polysulfone, polyester, polyhydroxyacids, polycart>onate, polyimide, polyamide, poiyamino 
acids, regenerated cellulose, or proteins, such as silk, wool, and leather. Expanded, or 
porous, polytetrafluoroethylene (eFTFE) is particularly prefeired. Methods of making porous 
polytetrafluoroethylene materials are described bi VS. Patent 3,953,566 and 4,187390, both 
issued to Gore, each of which is incorporated herrai by reference. 

25 Though the present invention is primarily directed to constructions made with support 

members that are hydrophobic, some non-hydrophobic materials may also be suitable for use 
in the present invention. Suitable materials for hydrophilic support members include, but are 
not limited to, cellulosics, agarose, alginate, polyhydroxyethylmethacrylate. polyvinyl 
pyrrolidone, polyvinyl alcohol, poly ally amine, poly ally lalcohol, polyacrylamide, and poly 

30 acrylic acid, for example. Lastly, ceitun meuls and ceramics may be suitable materials for 
• use as support members in the present invention. Suitable metals for support monbers 

include, but are not limited to, titanium, stainless steel, gold, silver, ihodiunit zinc» platinum, 
rubidium, and^pper, for example. Suitable materials for ceramic support members uiclude, 
but are not limited to, silicone oxides, aluminum oxides, alumirui, silica, hydroxyiqpapitites, 

35 glasses, calcium oxides, polysilanols, and phosphorous oxide, for example. 

To construct the present invention, a first layer is formed on a support member by 
adsorbing a polymeric surfactant to the surfaces of the support member followed by cross- 
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B„kmg the surfactant to itself in siiu. For a porous support member, the first layer is 
adsort^ltomteriaJdefitting the porous void spaces of thesupp6rtincnrt« as Fbr 

example, a sohition comprised of a polymeric surfcctanl dissolved i» a writable «>Iv« - . 
concentration of about 0.001 % to about 99.9% . preferably about 055% lo about 5 %. B 
initially adso Aed onto the surfaces and optionally into the porous »p«« ofa pomus supp^ 
memb^simplybydippingthesui^tnemberinthesoluti^^ 
20 minutes, io pennh physisorption of the surfedant to the surfaces of the ^'-PP^^^' 
Suitable materials for the f»st layer mclude. but »e not limited to. polyvmyl akoho^ 
polyethylene glycol, polypropylene glycol, dextran. agarose, alginate, polyacrylamide. 
polyglycidol. poly(vinyl alcohoKo^ylene). poly(ethyleneglycol^propylcneglycol). 
poly(vinyl acctat^vinyl alcohol). poly(tetrafluoroe.byleo^vinyl alcohol) 
pob^ac,yk,ni.rileK:o.aaylamide).poly(ac,ylonirt 

polyacrylicacid.Hy-ly«i»«'P<>'y«*y»*"'™^P°'y*^*'^'^ , . 
polyhydroxyethylmeduu^ylate. and polysulfone. u>d their copolymer, either alone or m 
combimoion. Preferred copolymers for fonnation of the first layer a« copolymers compr«^ 
of at least one moiety capable of physicochemically adsoAing to Ae support member, a moi^ 
capable of chemical modification wi* a suitable agent, and a moiety capable of «j» 
surface tension fluids. These moieties may be selected such that one m«ety fidfdl. ^f 
.hLe d^ee roles simultaneously. fulfiUs two roles, or fulfills only One mic. Su-able solvo*. 
forthispurposeinclude.butarenotlimitedlo.methMK,I.eth«»ol.i»oi«^ 
LhyiofU trlfhK«oacetic acid, acetone. w«er. dimethyl fonnamMie (DMF). dm^thyl 
sulfoxide (DMSO). acetonitrik. benzene, hexane. chloroftmn, and supercritical caAoo 

""""^Wben usmg a hydrophobic support member and the polymer chosen for *e ft«J.yer 
dissolves in only high surface tension solvents, the hydrophobic su^ ntember sho^bc 
prewetted with a miscible solvent having a low surfece tension to effect adsorpuoo of the 

potymerforthef^tlayer. ^'^tl^ 
rinsed liom the surfeceof the supponmeinber using ftesh solvent to prevent bulk 
surfactant from partially blocking pores of the support member. H^ough opt'onaUhu step n 
^^inord^cnsurethattheporesofapor^^^ 

• obstructed with surfactant. . . .« 

The polymeric surfacunt of the first layer is covalently cross4mked to ittdf « 
using a suitable cross-linking agent to pmd«:e surface4,ound pUmar molecules «^ 
^^molccularweight. Tl.ese very high molecular weigh, molecule. scn,c to greatly «h.ce or 

!;.iltthepotelfbrdeso.ptionormigmtU^ 

cmss-Unldng the polymeric surfactant in sin. are compounds composed of at leas^ two 
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not liniited to, aldehydes, epoxides, acyl halides, alkyl halides, isocyanates, amines, 
anhydrides, acids, alcohols, haloacetals, aryl carbonates, thiols, esters, imides, vinyls, azides, 
nitros, peroxides, sulfones, and maleimides, dissolved in solvents that wet the adsorbed layer. 
Solvents suitable for dissolving the cross-linking reagent include, but are not limited to, 
acetone, water, alcohols, tetrahydrofuran (THF), dimethyl sulfoxide (DMSO), dimethyl 
formamide (DMF). benzene, acetonitrile, and dioxane. Other reagents include, but are not 
limited to, free radicals, anions, cations, plasma irradiation, election inadiation, and photon 
irradiation. One preferred cross-linking agent is ghitaraldehyde, preferably using a catalyst of 
HCI, preferably dissolved m water. 

Regardless of which cross-linking agent is used, the cross-linking agent is preferably 
added in excess, i.e, in such an aiix>unt that sufTicient unreacted chemically functional groups 
of the cross-linking reagent will be present to serve as points of attachment for the second layer 
following the cross-linking step (See Figure 6). Thus, the mss-linking scheme fulfills two 
roles. In one role, cross-linking forms surface-bound planar molecules of extremely high 
molecular weight In anotherrole, cross-linking provides chemically functional groups to 
which the second layer is subsequently attached Bioactive species are then anarhcd to 
unreacted chemically functional groups of the cross-linking agent (See Figure 4). 

In an alternative embodiment, the polymeric surfactant of the Rrsi layer can be attached 
to the support member with methods that do not use a chemical cross-linking agent For 
example, polymeric surfactants containing numerous nitrile groups can spontaneously self 
assemble into a stable confomuil coating when adsorbed cmto the support member. The 
stability of the coating is derived from the physical cross-linking of neighboring polymer 
chains via cyano polar interactions. In another example, the polymeric surfieu:tant may be 
physically cross-linked using a suitable agent via acid-base coacervation, eg., a first layer 
formed of a cationic polymeric surfactant can be physically cross-linked by the application of 
an anionic agent. In addition, an amphoteric polymeric surfactant may spontaneously self 
assemble into a conformal coating via interruU acid-base coacervation. In yet another example, 
the Minnesota Mining and Manufocturing Company, in PCTAJS9IA)7686, teach the 
application of a hydrophilic polyvinyl alcohol layer that is inon-covalently cross-linked via inter- 
and intrachain polymer crystellization. 

The degree of cross-linking of the first layer may be assessed by Fourier Transfomi 
Infrared Spectroscopy (FTIR). For example, with FTIR, the free hydroxy! groups of 
polyvinyl ailcohol (PVA) are detectable before cross-linking at approximately 3349 cm-i. After 
cross-linking, the peak shifts to approximately 3383 cm*i and decreases in height As a 
positive internal control, an FTIR peak at approximately 2942 cro-t due to the CH2 groups 
does not change position or height as a result of cross-linking. A shift in the hydroxyl group 
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(OH) peak position from approximately 3349-air» to approximately 3383 cm-« with a decrease 
in peak height is an indication of the amouot of PVA that has bocoroccross-linking in the 
formaoon of the first layer. 

The extent to which Iree, or excess, aldehyde groups of a cross-tinkiog agent, such as 

5 glutaialdehydc, are present in the first layer following the cioss-Unking siep can also be 

detected using FHR. For example, when an artidcoflhc present inveiition having a fk»l layer 
of PVA extensively aoss-linked with glutaraldehyde is steam steiiliKd. the article usually has • 
FTIR peaks at about 1590 cm-i and about 1690 cm >. These peaks are believed to rqircsenl 
excess aldehyde groups of the first layer and its partial hydrolysis products by the exposure to 

10 steam. A shnilar article having a first layer that is briefly exposed to a glutaraldehyde cross- 
Unking agent does not usually have an FIIR peak at 1590«m-». Accordingly, the degree to 
which a first layer contains excess chemically fiinctional groups can be assessed by comparing 
the ratio of an FOR peak at about 1690 cra-i to an FTIR peak at about 1590cm-i. 

pro can also be used to delect the presc«:e of a second layer attached to a first layer 

15 cross-linked with glutaraldehyde. For example, an articleof the present invention having a 
second layer of PVA attached to a first layer of PVA wBI have stiong FUR peaks at about 

2950 cm-i and at about 3350 cm->. These peaks represent signal from the hydrocarbon 
backbone and the free hydroxyl groups of the PVA, respectively, from both the first and 
second layers. The absence of an FTIR peak at about 1590 cm-i and about 1690 cm-i indicates 
20 that substantially all of the aldehyde groups of the glutaraWehyde cross-Unking agent were 
consumed during attachment of the second layer to the excess aldehyde groups of the first 
layers 

In addition, a first or second layer of poIyOysine) on a support member may be detected 
by X-ray photoclectron spectroscopy (XPS). For example, the addition of amino groups 
25 (NH2)ontothcsurfacccanbedetectedbytheTOeasurementofnilrogea Nitrogenisusual^ 

not present in either hydrocarbon or fluorocarbon support mcmbcn of the present invention. 
Similarly, the immobilization of cell adhesion peptides, such as the Arg-Gly-Asp amino acid 
sequence, onto a first or second layer of PVA, for example.<:an be detected by XPS. 

In the rase of a three-dimensional device, such as a foam or sponge, the presence of a 
30 .hydrophilic layer attached directly to a support member, or forming a first or second layer, is 
preferably detected by elemental analysis. 

The composition of the second Uyer is chosen both for the ability of the second layer to 
cooperate with the first layer to promote wetting of the hydrophobic support member with high 
surface tcnswn fluids and for its ability to provide a mimber and variety of chemically 
35 functional groups not usually present on the first layer to which bioactive species can be 
immobilized. 
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When fomiing the second layer, various hydrojrfiilic polymers may be selected for use 
in making the layer. Different hy drophilic polymers provide a variety of chemically functional 
groups to select irom when attaching bioactive species to the second layer (See Figure 7). As a 
result, the second layer dictates the type of chemically functional groups to which bioactive 
5 species are immobilized. In addition, attachment of a second layer onto the unconsumed 
moieties of the cross-iinld^g agent amplifies the number of chemically functional groups 
available for the immobilization of bioactive species to numbers much greater than possible 
using only the first byer of material on the support member. This is a feature of the 
present invention because the ability to select the type and the number of diemically jfimctional 
10 groups used to imrhobilize bioactive species provided by the second layer is not readily 
obtained with the first layer alone. 

A second layer is formed on the first layer by attaching a hydrophilic polymer to the 
cross-linked polymeric surfactant of the first layer through the unreacted chemically functional 
groups of the cross-linking reagent (See Figure 1). Prefarably. the hydrophilic polymers are 
15 covalently attached to the polymaic surfactants. In one method, the second layer is attached to 
the first layer by immorsmg a support member having an adsorbed and cross-linked first layer 
in a solution of a hydrophilic polymer of the second layer at a concentration of about 0.001 % to 
about 99.9%, preferably about 0.1 % to about 50%, more preferably about 1.0% to about 25%, 
and most preferably about 0.25% to about 5%. The solution of hydrophilic polymer includes 
an appropriate catalyst, such as organic acids or bases, mineral acids or bases, Lewis acids or 
bases, organometallic catalysts, organic and/or inorgank: salts, heat, fn-essure, electron 
irradiatbn, i^ioton irradiation, plasma irradiation, corona discharge, or pH, to effect attachment 
to the chemically functional groups of the first layer. 

Suitable hydrophilic polymers for use in forming the second layer include, but are not 
limited to, poly v'myl alcohol, polylysine, poly(acrylonitrile-co-aciylic ackl-aciylamidine), 
polyaciylic acid, polyhydroxyethylmethaciylate, polyvinylpyrrolidone, polyethylene glycol, 
alginate, sepharose, mercaptosilanc, aminosilane, hydroxylsilane, agarose, polyethyleneimine, 
polyallylamine, polyaminoethylmethacrylate, polyomithine, polyaminoacxylamide, 
polyacrylamide, polyacrolein, polyacryloxysuccinimide, polysulfone, poIy(aciylonitrile-co- 
acrylamide), or their copolymers, either atone or in combination. Polyvinyl alcohol is 
• preferred. Suitable solvents for dissolving the hydrophilic polymers include, but are not 
limited to, water, alcohols, dioxane, dimethylformamide, tetrahydrofiiran, and acetonitrile, etc. 

Once a second layier is fonned on the first layer, btoactive species are then immobiliEed 
onto the second layer using mild bkxronjugatbn techniques kiK>wn to those skilled in the art 
(Sec K. Mosbach, Immobilized Enzvmes and Cells Fait B, Academic Press (Orlando, FL), 
(1987): GT. Hermanson, A.K. Mallia, P.K. Smith, ^^Immobilized Affinity Ligand 
Techniques," ACP(»gmig Prp», San Diego, (1992); SIR Karel, S.B. Libicki, CR. Robertson, 
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-The ImmobUization of Whole Celb: Engineering Principles.- fhf mi«t Eng . Sci .. 40: 1321 
(1985); and M. BrinUcy. "A Brief Survey Of Methods For Preparing Ptolein Conjugates With 
Dyes Haptens, and Cross-linking Reagents." Pipr^niupatP Chcm.. 3:2X1992). for example). 
Mild'bioconjugation schemes are preferred for immobUization of bioactive species in orderlo 
eliminate or minimize damage to the structure of the support member, the polymeric «irfliclMl 
of the first layer, the hydrophilic polyiiKr of the second hyer. and the bioactive qiedes. 

Referring to Figure 8. the chemically fimctional groups of the first Uyer inchide. but are 
not limited to, hydroxyl groups, caiboxyl groups, acid anhydride groups, acyl balide groups, 
alkyl halide groups, aldehyde groups, alkenc groups, amide groups, amine groups, guamdme 
groups, malimide groups, thiol groups, sulfonate groups, sulfonyl halide groups, sullbnyl 
ester groups, carbodiimide groups, ester groups, cyano groups, epoxide groups, proline 
groups disulfide groups, imidazole groups, imide groups, imine groups, isocyanate groups, 
isothiocyanate groups, nitm groups, and azide groups. The chemically functiooal groups of 
the first layer are depicted in Figure 8 as the letter -A." The chemically fimctional grouj^ of the 
second layer inchidc, but arc not limited to, any of the groups listed for the fnst layer and/or 
hydroxyl groups, carboxyl groups, acid anhydride groups, acyl haUde groups, alkyl halide 
groups, aldehyde groups, alkene groups, amide groups, amine groups, guanidine groups, 
malimide groups, thiol groups, sulfonate groups, sulfonyl haUde groups, sulfonyl ester 
groups, carbodiimide groups, ester groups, cyano groups, epoxide groups, proline groups, 
disulfide groups, imidazole groups, imide groups, imiiie groups, isocyanate groups, 
isothiocyanate groups, nitio groups, and azide groups. The chemically functional groups of 
the second hyer are represented mRgure 8 by the letter -Z." 

In addition to providing variability in the number and identity of chemically functional 
groups that can be used to immobilize bioactive species. variabUity in the number and identity 
of the functional groups of the second layer can be used to increase the wettability of the 
support member with high surface tension fiuids. In one embodimeat. a porous bydrophobK 
support member is modified only at its surface by a thin first and second layer, leaving the 
material defining the porous void spaces of the support member umnodified and hydrophobic. 
In another embodiment, the f«t and second layers can also be fonned oo the materud defmmg 

the irterior porous void spaces of the porous support member and bioactive species 
. immobilized thereon. In this embodiment, a continuous water phase through the pores of the 
support member can be readily established and maintamed, resulting in good transport of 
reaction products or nutrients, for example, across the porous support member. Thmcoatu^ 
are particulariy preferred for porous support members because tUn coatings do not appwoabbr 
decrease the porosity Qfthesupport member. For umnodUied porous PTTE having a nommal 
thickness of about 40 microns, a nominal pore size of about 0.2 microns, and a nommal 
porosity of about 7096. the material's permeability to air in Guriey seconds is between about22 
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seconds to about 24 seconds. A porous FD^ material modified according to the present 
invention has a permeability to air of about 24. Guriey seconds to about 26 Gurley seconds. 

In some circumstances, the interaction of a ^lutioii-phasereactant with an immobilized 
bioactive species may be suboptimal. For example, steric hindrances between the first or 
5 second layer and the immobilized bioactive species may limit die approach of the solution phase 
reactant to the bioactive species. In addition, physical bulk, electrostatic repulsion, or 
insqypropriate positioning of the bk>active species may also contribute to reduced efficiency of 
the immobilized bioactive species. Accordingly, h may be desirable to place one or more 
additional compounds as a ''spacer" or ''tether** between the chemically functional groups of the 
10 first or second layer and the bioactive species to increase the space between the layer and the 
bioactive species. Suitable compounds for use as a spacer include, but are not limited to, ' 
succinic acid, diaminohexane, glyoxylic acid, short chain polyethylene glycol, and glycine, for 
example. It is understood that the second layer may itself serve as a spacer arm without 
necessitating the use of a separate spacer compound. 
1 5 The cdvalent immobilization of biospecies onto support members according to the 

present invention is generally non-reversible, i.e., the biospecies is not readily released from 
the first or second layer ofthe support member. Spacers, or tethers, capable of selectively 
releasing an hnmobilized biospecies have utility in receptor/Iigand interactions, molecular 
tdencification and characterization of antibody/antigen complexes, and selective purification of 
20 cell subpopulations, etc. In addition, a selectively cleavable spacer affords predictable and 
controlled release of biospecies from the support member as opposed to the unstable 
physisorption of biospecies discussed in the Background section above. ' 

Selective release ofthe biospecies is performed by cleaving the spacer compound under 
appropriate reaction conditions including, but not limited to. photon irradiation, enzymatic 
!S degradation, oxidation/reduction, or hydrolysis, for example. The selective cleavage and 
release of immobilized biospecies may be accomplished using techniques known to those 
skilled in the art (see for example, H.R. Horton & H.E. Swaisgood, •'Cbvalent immobilization 
of proteins by techniques which permit subsequent release,** Meth. Enzvmolopv. 135: 130 
(1987); S.S.Wong, Chemistry of Protein Conjugation and Cross-Linking, CRC Press (1991); • 
0 and U.S. Patent No. 4,745,1 60, issued to Churchill et al., which is mcorporated herein by 
' reference). Suitable compounds for use as cleavable tethers, or cleavable spacers, include, but 
are not limited to, polyhydroxyacids, polyanhydrides, polyamino acids, tartarates, and 
cysteine-linkers such as Lomant*8 Reagent, for example. 

The present invention is not limited to the above-described embodimenu luiving a first 
layer and a second layer. In other embodiments^ additional layers of hydrophilic polymers may 
be attached to existing layers on the support member to form constructions with muhiple layers 
of hydrophilic material attached thereto. 
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Without intending to limit the scope of the present invention, the following examples 
illustrate how the present inventioa can be made and used. 



Exaroidel 

This example Ulustrates a method for forming a first layer comprised of polymeric 
surfactants on an expanded polytetrafluoroelhylene support member by adsorption and cro«- 
linking of the polymeric surfactant on the exterior surfeces of an expanded 
polyteirafluoroethylene fibn. as well as, the surfaces delineating the porous regions of film. 

The method is as follows. . , v 

An cPTFE support member in the form of a film (Wl. Gore & Aswciales. Inc.), 
having a thickness of about 50 pm ami a pomsity as measured in Gurley seconds of aboat 22 
lo24 wasmimersedinalJ%5oIutionofarandomcopolymeroftetrafluorocthyleocand 

vinyl alcohol (hereinafter HPL-1. JapanGoie. Inc.) in mcdumol (w/v) for about 5 minutes. 
ThU nim construction was then immersed in methanol for about 5 minutes to rinse unadsoAed 
bulk copolymer ftom the eFTFE surface. The ePTFE support member with the HPL-l layer 
was then washed See of metbam)l by immersing in distilkd water for about 5 minutes. 

The adsorbed layer of HPL-l was cross-linked in silw on the eFITE support member 
by dipping the Ahn construction in an aqueous solution of about 5% ghitwaldehyde. wid» about 
I % HCl as catalyst, for about 5 mmutes. at about 70^ to cioss-lmk the vinyl alcohol groups 
of the adsorbed HPH copolymer chains via acetalization. This fUm construction was rmsed 
inwatertoremoveexcessglutaraldehydeandHa. The resulting fUm construction was an 
ePFFE support member having a first layer formed Uiereon. 

Example2 

This example iUustnites the stability of the first layer of the film construction describ«l 
inExamplel. ThestabiUtyof .particular byer is expressed in terms of the hydrophilK^Q^ 
.U« surface of the fUm construction. As mentioned above, a hydrophilic surface is a smface 
U«t is readily wetted with high surface tension fluids. To compare the hydrophihaty of one 
surface with another surface, a drop of water is placed on the test surface ajjd its behavmr 
observed. If the water drop s^cad on the surface of the material to wet ami fUl tbepoms of the 
nuiterialwithwaterandrcnderthematerialtransp««m.thesurf«xofthei^^ 
considered to behydmphilic. If the water drop did not sprcadon the surft^eofU^^^ 

wet the pores to fill them substantially completely with water, but rounded up on the surface of 
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the material, rendering the material translucent or opaque, the surfiice of the material was 
considered to be hydrophobic. 

' To test the stability of the first layer of the film construction, two film constructions 
were used A first film construction was made as described in Example 1. A second film 
5 construction was made similarly to the film construction of Example 1, but without the cross- 
linking step. Both constructions were immersed in various refluxing solvrats, such as water, 
dimethyl formamide (DMF), dimethyl sulfoxide (DMSO), and acetone, for about 24 hours. 
The film constructions woe then removed from the solvent, rinsed in fresh solvent, and air 
dried. The hydrophilicity of the particular surface was then tested by applying one or more 

10 dropsofdcionized water to the surfiace. The siecond fihn constraction showed a significant 
decrease in the hydrophilicity of the surfaces of the construction. The reduced hydrophilicity 
was believed to be due primarily to desorption of the copolymer from the surface of the 
constructions and to copolymer chain migration on the surface of the constructions. The film 
construction of Example 1, i.e.» with cross-linking, remained hydrophilic under the ssune 

J 5 conditions. 

In another stability test, fD-st and second film constructions were steam autoclaved ten 
times at about IZO^C for about IS minutes each, air dried, and then dipped in deionized water. 
When the second fifan construction was dipped in deionized water, the construction was 
considered hydrophobic. In contrast, the first fifan construction became spontaneously wetted 
20 to completion with the deionized water and so was considered hydrophilic. These results are 
believed to indicate surface instability and clustering on the sur&ce the second fibn 
construction, leading to a reduction of wen'mg potential. On the other hand, the first film 
construction, in which the first layer was cross-linked, showed surfactant stability. 

25 Example 3 

This example illustrates use of another reagent for cross-linking the polymeric 
surfactant of Example 1. The method is as foltows. 

Following adsorption of the surfactant to the surfaces of the ePTFE support member in 
30 Example 1, the film construction was dipped in an aqueous solution of aboitt 2% polyethyloie 
• glycol dialdehyde (3400 g/niol. Shearwater Polymers), with about 0. 1 % HQ as catalyst, for 
about 30 minutes, at about to cross-link the vinyl alccdiol groups of the adsorbed HPL-1 
copolymer chains via acetalization. This film construction was rinsed in water to remove 
excess polyethylene glycol dialdehyde and HCL The resulting fibn construction was an ePlFE 
35 support member having a first layer fonned thereon. 
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Exainple4 

This example illustrates use of another reagent for cross-linking the polymeric 
surfactant of Example 1. The method is adapted from U.S. Patent No. 5354^87. issued to 
Abaysekara, and is performed as follows. 

Following adsorption of Che surfactant lo the surfaces of the eFITE support member m 
Example 1. the Him construction was dipped in amethanolic solution of about 0^% 
potassium hydroxide (KOH) for about 30 seconds foltowed by air drymg. The film 
constnKtbn was then dipped in an acetone sohiUon of about 10% polyethylene glycol 
diBlycidyl ether (400 gAnol. Polyscicoces) for about 5 mmutes. The fihn construction was 
cured in vaa,o at about 75-C for about 3 hours to cross-lmk the vinyl alcohol groups of the 
adsorbedHPL-1 copolymer chains via epoxide alcoholysis. The fihn construction was nnsed 
in distilled water to remove excess polyethylene glycol diglycidyl ether and KOH. The 
resulting film construction was an eFITE support member havi,« a first layer formed thereon. 

Examples 

TOs example illustrates the stability of the fust layer of the fUm.constniction described 
in Example 4. The stability of a particular layer is expressed in terms of the hydrophihcQr of 
surface of the f.lm construction. As mentioned above, a hydrophilic surface is a nnftee 
that is readily wetted with high surface tension fluids. To comp«e the hydrophlBdty of one 
surface with another surfiice. a drop of water is pl««l on the test «irfcce and its behav«r 
observed. If the water drop spread on the surfiice of the material to wet and fdl the pores of the 
materiaIwithwaterandrenderthematerialtransparent.thesurfaceofthematenalwas 

considenrf to be hydrophilic. If the water drop did not spread on the surfece of the mat«»l or 
wet the pores to fill them substantially completely with water, but rounded up on the surfto 
and rendered the material translucent or opaque, the surface of the material was constdeied to 
be hydrophobic. 

To test the stability of the first bya^f the film construction, two fibn constiuctKms 
wereuied. A f«t film construction was made as described in Example 4. Asecomlfibn 
• construction was made similarly to the fihn construction of Exampk 4. but withom^^^ 
linking step. Both constructions were immersed in various refluxing solvents, such as water, 
dimethyl formamide (DMF) for about 24 hours. The film constructions were then removed 
from the solvent, rinsed in fresh solvent, and air dried. H.e hydrophUicity of the 
surface was then tested by applying one or more drops of deionized water to the surface. The 
second fibn constn.ction showed a signif«:ant decrease in the hydrophthcny of the surfaces of 
d»e f.lmconstn.ction. Thereducedhydrophaicity was believed to be due prmanly to 
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. dcsoipCion of the copoiymer horn the surface ofche constructions and to copolymer chain 
migration on the surface of the constructions. The first film construction, Ke., with cross- 
linking, remained hydrophilic under the same conditions. 

In another stability test, the first and second film constructions were steam autoclaved at 
about ]2(rC for about 20 minutes, air dried, and then dipped in deionized water. When the 
second film construction was dipped in deionized water, the film ccmstruction was considefed* 
hydrophobic. In contrast, the first film construction became spontaneously wetted to 
completion with the deionized water and so was considered hydrq^hilic. These results are 
believed to indicate surface instability and clustering on the surface of the second fibn 
construction, leadmg to a reduction of wetting potential. On the other hand, the first film 
construction showed surfactant stability. 

Euunple 6 

This example illustrates a method for forming a first layer comprised of polymeric 
surfactants on an expanded poly tetrafluoroethylene support member by adsoiption and cross- 
linking of the polymeric surfactant on the exterior surfaces of an expanded 
poly tetrafluoroethylene fibn, as well as, the surfaces delineating the porous regions of the film. 
The method is as follows. 

An cPTFE support member in the form of a film (W.L. Gore &. Associates, Inc.), 
having a thickness of about SO pm and a ix>rosity as measured in Gurley seconds of about 22 
to 24, was prewetted with isppropyl alcohol and then immersed in a solution of about 1 % 
polyvinyl akohol (PVA) {Sigma) in distilled water (wAf) for about S minutes. This film 
construction was then ionmersed in distilled water for about 10 minutes to rinse unadsorbed 
bulk copolymer from the eFTFE sur&ce. 

The adsorbed layer of PVA was cross-linked in sins on the ePTFE support member by 
dipping the film construction in an aqueous solution of about 5% glutaraldehyde, with about 
1 % HG as catalyst, for about 20 minutes, at about 25'*C to cross-link the vinyl alcohol groups 
of the adsorbed PVA copolymer chains via acetalization. This fihn construction was rinsed in 
water to remove excess glutaraldehyde and HCL The resulting film construction was an 
ePTFE support member having a first layer formed thereon. 

Example? 

This example illustrates used of anotho- reagent for cross-linking the polymeric 
surfactants of Example 6. The method is as follows. 

Following adsorption of the surfactant to the surfaces of the ePTFE support member in 
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Example 6, the film constniction was dipped in an aqueous solution of about 2% -polyethylene 
glycol dialdehyde (3400 g/mol. Shearwater Polymers), with about 0. 1 % HQ as catalyst, hn 
about 30 minutes, at about 75X, to cross-link the vinyl alcohol groups of the adsorbed PVA 
copolymer chains via acetalization. This fihn construction was rinsed in water to remove 
excess polyethylene glycol diaWehydc and HCi The resulting fihn construction was an eFTFE 
support member having a first layer formed thereon. 

Examples 

This example illustrates used of anodier reagent for cross-lmking the polymeric 
surfactants of Example 6. The method is adapted from U^. Patent No. 5354^87. issued to 
Abaysdtara, and is perfoimed as follows. 

Following adsorption of the surfactam to the surfaces of the ePn=E support member in 
Example 6, the film construction was dipped in a mcthanolic solution of about 0.25 % 
potassium hydroxide (KOH) for about 30 seconds followed by air drying. The fihn 
construction was then dipped in an acetone solution of about 10S6 polyethylene glycol 
diglycidyl ether (400 g/mol. Polysciences) for about 5 minutes. The fihn construction was 
cured in vacuo at about 75't: for about 3 hours to cross-link the vinyl alcohol groups of the 
adsorbed PVA copolymer chains via epoxide akoholysis. The fUm construction was rinsed In 
distilled water to remove excess polyethylene glycol diglycidyl ether and KOH. The resulting 
film construction was an cFITE support member having a first toyer formed theieon. 

Exaiiq)le9 

•n,is example Ulustrates the formation and attachment of a second layer comprised of 

the hydrophilic polymer polyvinyl akobol (PVA) on the liist hyer formed on the ePTPE 

support member described in Example 1. . 

The film construction ofExampIel was immersed in an aqueous solution of about 1.0 

% polyvinyl alcohol (PVA) (Sigma), with about 1% HQ as catalyst, at about 75-C. for about 5 
minutes, to aUow covalent attachment of PVA to free aldehyde groups remaining after dielirst 
. layer has been cioss-rmked. Following attachment of the second layer to the first layer via 
acetal linkages, excess PV A was rinsed ftom the fifan constniction by hnmersiiig the 
construction in water. The resultmg fihn construction was mmiediately and spontaneous^ 

wettable with liquid water. 
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Example 10 

This example illustrates the formation and attachment of a second layer comprised of 
the hydrophilic polymer polyvinyl alcohol (PVA) on the first layer fonned on the ePTFE 
5 support member described in Example 6. 

The film construction of Example 6 was immersed in an aqueous solution of about 1 .0 
% polyvinyl alcohol (PVA) (Sigma), with about 1 % HCI as catalyst, at about 25*C, for about 
10 minutes, to allow covalent attachment of PVA to free aldehyde groups remaining after the 
first layer has been cross-linked. Following attachment of the second layer to the first layer via 
10 acetal linkages* excess PVA was rinsed from the film construction by fanmersi^g the 

construction in water. The resuhing film construction was immediately and spontaneously 
wettable with liquid water. 

Example II 

15 

This example illustrates the formation and attachment of a second layer comprised of 
the hydrophilic polymer polylysine on the first layer fonned on the ePTFE support member 
described in Example 1. 

The film construction of Example 1 was immersed in a buffered aqueous solution of 

20 about 0.5% polylysine hydrobromide (100,000 g/mol. Sigma) at about pH 9 at about 25 'C for 
about 2 hours to altow covalent attachment of polylysine to free suiface aldehyde groups 
generated during cross-linking of the first layer. Cyanoborohydride was added to reduce the 
imine linkage to a secondary amme. Following attachment of the second layer to the first layer 
via imine linkages, excess polylysine was washed by immersing die film constniction in 

25 distilled water. The resuhing film construction was immediately and spontaneously water 
wettable. 

Example 12 

30 This example ilhistrates the formation and attachment of a second layer comprised of 

. the hydrophilic polymer polylysine on the first layer formed on the ePTFE suppoit member 
described in Example 6 . 

The film construction of Example 6 was immersed in a buffered aqueous solution of 
about 0.5% polylysine hydrobromide (100,000 g/mol, Sigma) at about pH 9 at about 25 for 
35 about 2 hours to altow covalent attachment of polylysine to free surface aldehyde groups 

generated during cross-linking of the first layw. Following attachment of die second layer to 
the first layer via hnine linkages, excess polylysine was washed by immersing the film 
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construction in disulled water. Cyanoborohydridc was added to reduce the imine linkage to a 
secondary amine. The resulting film construttion was immediately and spontaneously water 
wettable. 

S Example 13 

TTiis example ffluslratcs the stability of the first and second layers of the fihn 
construction described in Example 9. In the stobility test, the fihn construction of Example9 
was extracted in dimethyl formam.de (DMF) at about 120^ for about 2 days. No statistically 

10 significant decrease in the mass of the construction was observed using gravimelry, indicating 
no detectable dcsorption of the first and second layers ftom the surface of the support member. 
This film construction spontaneously and completely wetted with Uquid water. As a result, the 
surface of the fihn construction was considered to be stably hydrophilic. 

In another stabUiiy test of the first and second layers of thefibn construction of 

15 Example 9. the film construction was immersed in about 5% HQ at about 80^ for about 2 
days.rinsed in water, andthenair dried. Following this treatment, the fibn construction 

remained hydrophilic. 
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This example iUustrates the stabifity of the firstand second layers of the fibn 
construction described in Example 10. In the stability test, the fihn construction of Example 10 
was extracted in dhnethyl fomiamide (DMF) at about 120«C for about 1 day. No statistically 
significant decrease in the mass of the construction was observed using gravmietry. indicatiiig 
25 no detectable desoqjtion of the first and second layers from the surfece of the support member. 
This film construction spontaneously ami completely wetted with liquid water. As a result, the 
surface of the film construction was considered to be stably hydrophilic 

In another stabUity test of the first and second layers of the fihn construction of 
Example 10, the film construction was immersed in about 5 % HQ at about 80-C for about 2 
30 days,rinsedinwatcr,andthenairdric4Followingthbtreatment,thefibnconstnictton 

Temuned hydrophiUc. 
Exanqdel5 

35 This example illustrates the stability of the first and second byers of d»e fihn 

construction described m Example 9. In the stability test, the film construction of Example 9 
was «tracted in distUled water at about 25-C for about 7 days. No statistically significant 
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decrease in the mass of the construction was observed using gravimetry, indicating no 
detectable desorption of the first and second layers from the surface of the support member. 
This film construction spontaneously and completely wetted with liquid water. As a result, the 
surface of the film construction was considered to be stably hydrpphilk. 

5 

Example 16 

This example illustrates the stability of the first and second layers of the film 
constnictjon described in Example 10. In the stability test, the fihn construction of Example 10 
10 was extracted in distilled water at about 25X for about 7 days. No statistically significant 
decrease in the mass of the construction was observed using gravnnetiy , indicating no 
detectable desorption of the first and second layers from the sur&ce of the support member. 
This film construction spontaneously and completely wetted with liquid water. As a result, the 
surface of the film consoiiction was considoied to be stably hydrophilic. 

J 

Example 17 

This example illustrates the lack of decreased permeability of a film construction as 
described in Example 9. To evaluate the permeability of the film construction, scanning 
► electron micrographs were first uken of the microstructure of the fibn construction to view the 
first and second layers on the nodes and fibrils of the ePTFE support member. The results of 
these micrographs showed no visible plugging of pores or bulk deposition of suriactant therein 
(See Figure 5). This indicates that the adsorption and cross-linking of the first layer and 
attachment of the second layer was very thin. 

To further demonstrate that surfactant-treated ePTFE does not increase resistance to 
mass transport by plugging of pores, pore size was measured using a Coulter Porometer. A 
film construction was prepared as described in Example 9 and helically wrapped around a 
cylindrical mandrel to form a tube. The mean pore size of the film-tube construction was 
measured to be 0.173 ± 0.006 pm, while the mean pore size of a similar untmted ePTFE 
tubing was ipeasured to be 0.1 80 ± 0.001 Mm. These data indicate no statistically significant 
« bkickage of pores due to the first and second layers. 

To further demonstrate that an ePTFE support member having a first and second layer 
of the present invention does not increase resistance to mass transport by plugging of pores, 
the permeability of the film construction to ghicose flux was measiu-ed. To test the 
permeability of the fihn construction to glucose flux an ePTFE film-tube construction was 
prepared as previously described. The glucose mass transport coefficient of the film-tube . 
construction was measured to be 0.98 Mm/sec, while the glucose mass transpoit coefficient of a 
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Similar untreated cPTFE tubing was measured to bcO.25 nm/sec. These dau indicate thai the 
diffusion of glucose across the fihn-tube construction of the present invention was ve$tcr than 
for the untreated material due to the presence of a mote continuous water phase in the po«s Aat 
traversed the Uiickness pf the support meinber. 

5 • 
Example 18 

This example illustrates the immobilization of abioactive species in the form of peptides 
toafilmconstmctionofthepresentinventionasdcscribedinExampklO. Tobegmtbe 

10 process the film constniction of Example 10 was immersed in an acetone soluliooconpumng 
about5% carbonyldiimidazole(Sigma)foraboul60minuiestoconvertvbylalcoholgioiV^ 
reactive imidazole carbamates. The film constnu^ion was rinsed m acetone, then mim«srf 
a buffered solution of about 0.1 % Gly-Arg-Gly-Asp-Ser (Sigma) .1 about pH 9 for about 24 
hours at about 4-C to allow coigugation of the peptide onto the imidazole carbamates. Excess 

15 injidarolegroupswereconvertedbacktovinylafcoholgroupsviahydioly^ 

pH 7.4 for about 24 hours. 



Example 19 



20 This example also illustrates the immobilization of a bioactive species in the form of 

peptidestoaf.lmconstructionofthepfesentinventionasdescribedmEx«nple9. Tob^n 
iheprocess the fflm construction ofExample 9 was hmnersed in a dimed.ylformam,de(DMF) 
sohition coirtaining about 10% hexamethylene diisocyanate (Aldrich). with about 05% 
dimethyUuninopyridine as catalyst, for about 1 hour in order to place fteeisocy««te groups 

25 upon the PVA layer (protocol adapted fmm A. Kondoh.lLMakino.T.M«s«^^ ^ 
iLensional Artificial Extracellular Matrix: Bloadhesive Peptide-lmmobUized Surfece Dcs«n. 
f ^ rp.;>. Pnivn,. Sci.. 47: 1983 (1993)). The film construction was then rinsed m aqueous 
1 M KOH to hydrolyze the ftee isocyanates to ftee amines, after which it was mrnKTsed m a 

DMF solution containing about 0.5% disuccinimidyl suberate (Pierce) for about 1 hour to place 
30 lreesuccinimidylgroupsuponthelh.amines.Thefilmcons^ 

. immersed in a buffered soIuUon of about 0.1% Gly-Arg^ly-As^Ser (Srgma) a about pH 9 
for about 12 hours to allow conjugauon of the peptide onto the free succmmndyl groups. 
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This example also ilhBtrates the immobUization of a bioactive species in the form of 
peptides to a film construction of the present invenUon as described in Example 9. To begm 
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the process, the film construction of Example 9 was immersed in a solution of about 5% 
glyoxy lie acid (Sigma), with 1 % HQ as catalyst, for about 15 minutes at about 8(yC to 
acetalize the PV A of the second layer, thereby conjugating free carboxy lie acid groups. The 
film construction was then immersed in an acetone solution of about 1 % N^,N',NV 
tetramethyl-0-(N-succinimidyl)uronium tetrafhioroborate (Fluka), with about 0.25% 
dimethylaminopyridine as catalyst, for about 2 hours, to convert the carboxylic acids to reactive 
succinimidyi esters. The film construction was rinsed in aceitone, then immersed in a buffca^ 
solution of about 0.1 % Gly-Arg-dy-Asp-So* (Sigma) at about pH 9 for about 24 hours to 
allow conjugation of the peptide onto the succinimidyi groups. 

Example 21 

This example also illustrates the immobilization of a bioactive species in the fonn of 
pq}tides to a film construction of the present invention as described in Examjde 9. To begin 
the process, the film construction of Example 9 is immersed in a solution of about 5% 
glyoxylic acid, with about 1 % HCl as catalyst, for about 10 minutes at about 80X to place free 
carboxylic acid groups upon the PVA layer. The film construction is fanmersed in an aqueous 
buffered solution of about 1 % l*ethyl-3-(dimethylan)inopropyI) carbodiimide (EDC) (Sigma) 
at about pH 5 for about 1 hour at about 4**C to convert the carboxylic acids to reactive O- 
acylureas. The film construction is rinsed in the buffered solution, then immersed m the 
buffered solution with about 0.1 % Gly-Arg-Gly-Asp-Ser (Sigma) at about pH 9 for about 24 
hours to allow conjugation of the pqitide onto the 0-acyhikeas. 

Example 22 

This example illustrates the immobilization of a bioactive species in the form of cdk to 
a film construction of the present mventionas described in Example 18.. To begin the process* 
the film construction of Example 18 was seeded with rat insulinoma cells in cell culture 
medium. These cells have recqptors that assist the cells iii adhering to certain substrates or 
ligands. The ligand, Cly-Arg-Gly-Asp-Ser» described iri Example 18 is conunonly known to 
bind to receptors on cells involved in adhesion of the cell to other cells, or other substrates. In 
the present invention, the Arg-GIy*A5p ligand was used to immobilize the rat insulinoma cells 
to the film construction of Example 18. As a comparison, unmodified ePTFE« ePTFE 
modified with a polyvinyl alcohol surfactant according to Example 10, but without Gly-Arg- 
Gly-Asp-Ser, and tissue culture polystyrene were each seeded with the same cells. Due to 
inertness, hydrophobicity, and slippery texture of ePTFE, cells do not easily adhere to ePTFE, 
if at all. Tissue cuhure polystyrene is commonly used as a substrate for a wide variety of cells 
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iii tissue culture. The extent of cell adhesion was quantified by visualiang the cells under 

phase contrast microscopy 12 hours after the cell seeding. 

The resulu of these tesu showed that tissue culture polystyrene supported spreading of 

all seeded cells after 12 hours, as expected. Similar results were seen with the fiim 
5 construction of Example 18. Uranodified eFIPE and PVA-rootfified cFTFE made according to 

Example 10 supported less than 5% spread ccUs at.l2 hours, however. Thesc data indicate. 

among other things, that the immobilization of cells onto ePITE was enhan ced by 

hnmobUizing bioactive ligands for which the cells have receptors onto the ePTFE surfece. The 

data also indicate that the presence of a first and second layer alone did not improve cdl 
10 immobilizatioa 

Example 23 

A cell encapsulaUon device of the type disclosed by Butler «t at in WO 95/04521 and in 

15 pending U.S. Patent Application Serial No. 08/5324)25, filed September 22, 1995. entitled 
^•InipiovedCell Encapsulation Device," which is hicorporated herein by reference, was made 
using the film construction of Example 10 as the cell encapsulation membrane, or cover, of the 
device. In preferred embodiments of the BuUer et al. device, the geometry is essentially 
cylindrical. An important feature of the device is a cell displacing core located in the center of 

20 the device to place cells away fonn the center of the device near the ceU encapsulation 

membrane where maximum exchange of nutrients, gases, wastes, and cell products between 
cells encapsulated in the device and the external env'uonroent of the device can occur. 

A film construction as described m Example 10 was made and helically wrapped on a 
cylindrical mandrel to form a tube, or cover, about 3 cm in length, having an inner diameter of 

25 about 1.7 cm. A hydrogel rod, or core, about 3 cm in lengdi, having an outer diameter of 
about 1.6 cm was inserted into the tube. The tube was sealed at one end by applying a 
constrictive silicone rubber cuff over die tube and the core (See Figure 8). Using a syringe, the 
device was filled with a sluny of adhesion-independent rat insulinoma cells in cell culture 
medium. The remaining open end of the tube was sealed using constrictive silicone rubber 

30 cuffs to prevrait passage of cdls out of Ae tube. 

As the ceHs were being loaded iino the device, the first and second byers of the fihn 

construction of the tube caused the tube to spontaneously wet when exposed to the culture 
medium. As the tube became wetted with the aqueous portion of the culture medium, the tube 
became transparent, allowing visualization ofthe cells contained tiKnan. TheceD 
35 encapsulation device was maintained m inlro using standard ceU culture techniques. The 
viability of the cells was assessed by monitoring ghicose metabolism. The cells remained 
viable and produced lactic acid via glycolysis while enclosed in the device for up to 3 weeks. 

30 
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These results demonstrate the presence of a continuous water frfiase across the film 
construction of the present invention sufficient for diffusion of nutrients, gasses, and wastes 
for cells to remain viable. The results also demonstrate that the film cdnstniction of the present 
invention was not toxic to cells. 

Eiuunple24 * 

Many mammalian cells usefiil for Inotechnology are adbesioii dependent For pmper 
health of these cells, the cdls must have a suitable suriace upon which to adhere and spread If 
the cells are not provided with a suitable surface, their metabolic output may be reduced, and in 
extreme circumstances cell death may occur. The present examjile Ulustrates that a membrane 
as described in Example 1 8 and formed into an assembly according u> Example 23 may also 
maintain the viability of adhesion-dq>cndent smooth muscle cells. 

Two film-tube constnictions were iniUally made. A first construction was made as 
15 described in Example 18 having the pqnide ligand Giy-Arg-Gly-Asp-Ser. A second 

construction similar to Example 10 was made. Each film construction was formed into a ceU 
encapsulation device according to Example 23, following autoclaving. A hydrogel core inihe 
form of a rod was inserted into each tubular cell encapsulaticm device. One end of each device 
was sealed with a constrictive silicone rubber cuff as described in Example 23. Each device 
20 was filled with a slurry of canine sraoodi muscle cells m cell cukure medium. The remaining 
open end of each device was sealed using constrictive silicone rubber cufft to prevent passage 
of cells out of the device. The film-tube construction of bodi cell encapsulation devices 
^tanpousiy wetted when exposed to the culture medhim. The wetted fibn-tube . 
constructions became transparent and allowed visualization of the cells contained witbm die 

25 device. Both cell encapsulation devices were maintained /nvi/»w using standard cell culture 
techniques. 

The morphological state of the cells was assessed by phase contrast microscopy. Cells 
immobilized within the second film construction were unspread on the surface of the 
donstruction with much cellular debris observed after 4 days in culture. Cells immobilized 
30 vrithin die first film construction were spread upon die surfece of die fihn-tube construction. 
. The cells remained spread on the sur^e of die fast film consuruction for up to 1 6 weeks. 
These data suggest that for the immobilizalion of certam cell types, the presence of a 
continuous water phase for the transpott of nutrieiits may be inadequate for their morphology 
and immobilization. Surface-bound bioactive ligands may be necessary for the proper 
35 morphology and viability of immobilized adhesion-dq)endent cell types. 



31 



10 



IS 



20 



25 



PCT/US97»»34 

WO97/4S590 

Exainple25 

In the present invcntidn. q,acer ams may be provided as a tetbcr. or linkage, to 
provide a physical space between the bioacuve species and the second layer in order to 
steric limitations between these two components. A variety of hydrophilic and bydrophobK: 
spacer arms may be attached onu> the multilayered stn«ture using techniques known to thoK 
skilled in the art. For example, the film construction ofExample 9 was immersed man 
aqueous solmion of about5%-polyed.yle„cglycoldiaklelo.de( 

plmers), with 1 % HQ as catalyst, for about 5 minutes, at about 80^. to place aldehyde 
g„,upsontbePVAsurftcetetheredbyaPEGchain. Bioactive species were then be 
Mobilized onu, these ih» aldehydes using techniques known to those sb^^ 

Exaniple26 

Using the protocol ofExample 18. a Gly-Arg-Cly-Asp-Ser lig^Kf was i,«mobili«di to 
ihe luminal surface of an ePIPE vascular graft (W.U Goie & Associates. Inc.. Flagstaff. AZ). 
Following autoclaving. the graft was seeded with canme endothelial cells. Tl« cells were 
Ir^ZlToadherefor^Odays in cuUure. Adhesion of the endothe.^ 
a stain specific for endothelial tow density Hpoprotein (LDL) vacuoles (Bum^dical 
T^I^es,. TT.eLDLstainshowedaconfluentmo»layeroffi«ctiona.endo.hehalcells 

covering the entire treated surface of the vascular graft. 
Euunpk 27 

A v«»I» gtrt tovfag . 6n.m toKT dianel« m«fc acconOng » Ex^pfc 26 ™ 

of the graft 
Example 28 

AsdemomtratedinExample22.adhesion-dependemceUtypesmayrequiret^^ 

prcsenceof a surfacebound peptide factor for immobilization. Cdb w«not ,nm.ob.bxcd 
rotheuntreatedhydrophobicenTEsupportmember.butwe«attachedtothet^ 
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PVA system having Che bioactive species Gly-Ais-Gly-Asp-Ser immobilized thereon as per 
Example 22. Therefore* cells may be immobilized onto a support member in a pattern by 
placing the first layer, the second layer, and the bioactive species in specific locations on the 
support member. 

5 For example, a construction of Example 10 was sandwiched between two other 

identical meiAbrancs. A rubber stamp having a distinct patteni was wetted with isopropyl 
alcohol The isopropyl alcohol was applied to the membrane ^'sandwich*' to wet all the eFTFE 
layers with only the pattem of the stanqp. The membrane sandwich was then treated according 
to the protocol of Example 1 8 to conjugate the peptide in the sh^ of the pattem on die rubber 

10 stamp. The central membrane was removed from the sandwich configuration and seeded with 
canine endothelial ceils. After about 12 hours* cells were immobilized ini the shape of the 
pattem. No ceils were seen adhered to the area of the ePTFE support member where the 
conjugated peptide had not been immobilized. The immobilized canine cells remained viable, 
immobilized, and confmed to the patt^ed area of the support member for at least 4 weeks. 

1 S See Figure 1 0, for example. 

Example29 

This example illustrates the present invention having a support member comprised of a 
20 polyester material. A film of polyester (Porctics) is first immersed in isopropanol to wet the 
membrane. The film is then immersed in a solution of 1 % polyvinyl alcohol (PVA) (Sigma) 
for about S min to allow adsorption of the PVA. Next, the film is rinsed in deionized water for 
about 10 min. Lastly, the film is immersed in a solution of about 5% glutaraldehyde and about 
1 % HCI for about 20 minutes to cross-link the PVA in sim. The resulting ifilm construction is 
25 a polyester support member having a first layer formed thereon. 

Example 30 

This example illustrates the present invention having a support member comprised of a 
30 polycarbonate material. A film of polycarbonate (P^ics) is first immersed in isopropanol to 
* wet the membrane. The film is then immersed in a solution of I % polyvinyl alcohol (PVA) 
(Sigma) for about 5 min to allow adsorption of the PVA. Nmt, the film is rinsed in debnized 
water for about 10 min. Lastly, the film is immersed m a solution of about 5% glutaraldehyde. 
and about 1 % HCI for about 20 minutes to cross-link the PVA in situ. The resulting film 
35 construction is a polycarbonate support member having a first layer formed thereoiL 
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Example 31 



This example ilhistratcs the prescm invention having a support member comprised of a 
polyethylene material. A film of polyethylene (Whatman) is first immeised in isopropanol to 
wet the membrane. n.e fihn is then immersed in a solution of 1 % polyvinyl alcohol (PVA) 
(Sigma) for about 5 min to allow adsorption of the PVA. Next, the film is rinsed m dewmzed 
water for about 10 min. Lastly, the film is immeised in a solution of about 5% glutaraWehyde 
and about 1 % HCI for about 20 minutes to cioss-link the PVA /« situ. The lesuhmg fdm 
construction is a polyethylene support member having a first layer formed thereon. 

Example 32 

This example ilhistrates the present invention having a support member comprised of « 
polyvmylidenenuoridc material A film of polyvinylidcnefiuoride (Millipore) is first immersed 
in isopropanol to v.et the membmne. The film is then immersed in a solution of 1 % polyvinyl 
alcohol (PVA) (Sigma) for about 5 min. to allow adsorption of the PVA. Next, the film is 
rinsed in deionized water for about 10 min. Lastly, the film is immeised in a solution of about 
5% glutaraldehyde and about 1 % HCI for about 20 minutes to cioss-link the PVA ms,h,. The 
resulting film construction is a poly vinyUdenefluoride support member having a first lay» 
formed diereon. 



Exaniple33 



This example illustrates the present invention having a support member comprised of 
sUver metal. A membrane of silver metel (Poretics) is first immersed in isopropanol to wet the 
meul The metal is then immersed in a solution of 1 % poly vmyl alcohol (PVA) (Sigma) for 
about 5 min. to allow adsorption of the PVA. Next, the metal is rinsed in deionized waK^ for 
about 10 min. Lastly, the metal is immersed in a solution of about 3% glutaraldehydeand 
about 1 % HCI for about 20 minutes to cross-Unk the PVA in situ. The resulting fihn 
construction is a silver metal support member having a first layer formed them>a 



Example 34 



This example illustrates the present invention having a support member comprised of a 
cellulose acetate material. A fihn of ceDulose aceute (Millipore) is first hnmeisfcd in 
isopropanol to wet the membrane. The film is then immeised m a solution of 1 % polyvinyl 
alcohol (PVA) (Sigma) for about 5 mm. to allow adsorption of the PVA. Next, the fibn is 
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rinsed in detonized water for about 10 min. Lastly, the film is immersed in a solution of about 
5% glutaraldehydc and about 1 % HCI for about 20 minutes to cross-link the PVA in stiu. The 
resulting film construction is a cellulose acetate support member having a first layer formed 
thereon. 
5 ' 
Example3S 

This example illustrates the immobilization of a bioacttve species in the fcnm of peptides 
lo a fifan construction of the present invention as described in Example 30. The film of 
10 Example 30 is treated additionally according to Example 10 to place a second layer thereon. 
The film is then immobilized with the bioactive peptide Gly-Aig-Gly-Asp-Ser according to 
Example 1 8. The resuhing film construction is a polycarbonate support member having the 
bioactive species Gly-Arg-Gly-Asp-Ser immobilized thereto. 

IS Example 36 

This example illusuates the immobilization of a bioactive species in the form of peptides 
to a fibn construction of the present invention as described in Example 31. The film of 
Example 31 is treated additionally according to Example 10 to place a second layer thereon. 
20 The film is then immobilized with the bioactive pq>tide Gly-Arg-Gly-Asp-Ser according to 
Example 18. The resulting film construction is a polyethylene support member having the 
bioactive species Gly-Arg-Gly-Asp-Ser immobilized thereto. 

Example 37 

25 

This example illustrates the inunobilization of a bioactive species in the form of peptides 
to a film construction of the present invention as described in Example 32. The film of ' 
Example 32 is treated additionally according to Example 10 to place a second layer thereon. . 
The film is then immobilized with the bioactive peptide Gly-Arg-Gly-Asp-Scr according to 
30 Example 18; The resultmg fihn construction is apolyvmylidenefluoride support member 
* having the bioactive species Gly-Aig-Gly-Asp-Ser immobilized thereto. 

Example 38 

35 This example illustrates the immobilization of a bioactive species in the form of peptides 

to a film construction of the present invention as described in Example 33. The film of 
Example 33 is treated additionally according to Example 10 to place a second layer thereon; 
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TT« fUm is then immobUized with U.e bioactWc pcptide<3.y.A,S-^^^^^ 
Example 18. The resulting film constnKtion is a silver metal support member havmg the 
bioactive species Gly-Arg-Gly-Asp-Scr immobilized thereto. 

ExanH>le39 

This example illustrates the immobilization of a bioactive species in the fom. of peptides 
to a fihn construction of the present invention as described in Example 34^ fibn of 
Exampk 34 is treated additionally according to Exampk 1 0 to place a second by«^ 

mnListhe»m,mobilizedwi.h.hebioactivepeptideGly-Arg^ly-A^^^ 
Example 1 8. The resulting film construction is a cellulose acetate support member havmg Ae 
bioactive species Gly-Arg-Gly-Asp-Ser immobilized thereto. 

Example 40 

This example illustrates the immobilization of a bioactive species in the form of cells to 
a fihn construction of Ae present invention as described in Example 36. Cdls J 
Lemembnu«ofExample36accordmg.oExample22. The expected results show U«t the 

lcI.ructionofExamp.e36supportstheimmc*i.iz^ 
20 polypropylenefilmsareunabletosupporttheimmobilizat.onofcdb. 

Example 41 

™a.d«lpoly,«nn»oK»ft,l»e(dTl=E)covBedstt«tott»f^ T. 

„ lli»-«rt«.bdI.c.poI,n«.The.d«»UaFVA«c™».b^ 

toEx.n,te:2.Tk.»i«g««ps»owta»nobtti«do»«».rOT»^ 
in»diu|/i • ^u:«.^!«-cnecies The resulting construction IS a 

via aldehyde cross-linking to a desired bioactive species. li« resu 
35 secondlayera.uchedtotbefirstwithbioactivcspec,esm.mob.lizedthe«^ 
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Example. 42 

This example describes a method for the detection of the degree of cross-linking of the 
PVA. Fourier Transform Infrared Spectroscopy is used to detect the free hydroxy! groups 
before and after cross- linking. A shift in the hydroxy! group (OH) peak position from 
approximately 3349 cm*^ to approximately 3383 cm*i widi a decrease in peak height is 
proportional to the degree of cross-linking. A decrease in the height of the peak of about 50% 
and a shift from approximately 3349 cm-l to approximately 3383 cnr> when about 50% of the 
hydroxy! groups of the PVA are cross-linked. 

Example 43 

This example illustrates a method for the detection of excessive cross-linking of the of a 
first layer comprised of polyvinyl alcohol (PVA) in an article of the present invention. In the 
method, a first article was prepared according to Example 6. A second article was also made 
using a giutaraldebyde/HCI exposure ofonly 5 minutes. Both aiticles were steam sterilized 
and exambied using FTIR. The article made according to Example 6 revealed a broad peak at 
about 1 690 cm-i and a sharp peak at about 1590 cm-K These peaks are believed to rq>resent 
excess aldehyde groups present on the first layer and its partial hydrolysis products from steam 
exposure. The article that was exposed to glutaraldehy de/HCI for 5 minutes showed a small 
peakatabout 1690 cm*i and no peak at about 1590 cm*i. These results demonstrate that the 
PVA layer of the second article was cross-linked to a lesser extent than the PVA layer of the 
fn-st aiticle. Accordingly, an increase in the peak areas at about 1690 cm*i and 1590 cm-t is 
indicative of the extent of cross-linking of the first layer of an article of the present invention. 

Example44 

This example illustrates a method for detecting the presence of a second layer of PVA 
attached to a fu^st layer of PVA in an article of the present invention. In the method* an article 
constructed according to Example 10 was steam sterilized and examined using FITR. Strong 
peaks at about 2950 cm*l and about 3350 cm-i was seen under FTIR analysis. These peaks 
represent signals from the hydrocarbon backbone and the hydroxyl groups of the PVA» 
respectively, of the first and second layers. Peaks at 1590 cm * and 1690 era * were not seen. 
The absence of peaks at 1590 cm*i and 1690 cm-i indicate that substantiaUy all of the aldehyde 
groups from the cross-Imking agent were consumed during the attachment of the second layer 
to the first layer. Accordingly, the ratio of peak area at about 2950 cm-' to the peak aiea at 
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aboul 1590 cnri is indicative of the extent to which excess, unieacted. aldehyde groups aie 
present following attachment of a second layer to a fust layer in the p«««t mventM». 

Example 45 

This example illustrates a method for detecting the pfesencc of a second by^ 
comprisedof polyaysine)atUchedtoarust layer of PVA. l,.U«n«Jh^ 
according to Example 12 was steam sterilized and examined using FHR. A strong peak at 
about 2950 cm-« was seen under Fim analysis. This peak represents a signal fimn the 
hydrocarbon backbone of PVA of the first layer. A peak at about 1590 cm-« was »ot obsen«d 
•n,e absence of a peak at 1590 cm-i indicates that substantially all of the aldehyde groups of the 
cross-Unking agent of the first layer were consumed during the attachment of the second layer 
cothef^stlayer. A peak at about 1650 cm- was observed, "^if .T^'''^"^ 
the amide groups of the poly(lysine) moieties of the second layer. As m Example 44. the 
of peak area a, about 2950 cm-i to the peakarea at about 1590 cm-, is indicative of thce^ 

which excess, umeacted. aldehyde groups are pmsent foltowing attachment of . second layer 
to a fim layer in the present invcnlion. 

Example 46 

This example illustrates the immobilization of lysine to a second layer comprised of 
PVA such that the lysine molecules are immobilized thiough the anunine group of the 
nu,lecul^ while leaving the e-amine group of the lysine molecules are umeacted This method 
relies on Boc protection of the e-amine group of the lysine molecules. 

A construction of the present invention having a second layer according to Exmnple 
10 is immersed in a 5% solution of carbonyldiimidazole dissolved in anhydrous acetone for 
60 minutes. The constn.ction is successively rinsed in acetone, then aqueous buffer (150mM 
NaHCO,. SOOmM NaCl. pH 8.0. 4-Q. N-e-Boc-L-lyrine (Bachem California. Ton«.ce CA) 
' is dissolved in the coupling buffer a. a concentration of lOmg^ The construct is in«nersed 
in this solution for 24 hr. at 4-C with gentle agitation. 

The construction is rinsed successively in coupling buffer, deionized water, and 
.etrahydrofuran. The construction is then immersed in a solution of 10% trifiuoroacetic acid 
dissolved in tettahydrofuran for 60 min. This is followed by successive rinsmg m 
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tetrabydrofiirah, deipnized water, and coupling bufler. The resulting article contains lysine 
inunobilized to the second layer exclusively via the a-amine tenninus with the e-amine grotq> 
of the lysine unreacted» or fiee. 

Example 47 

This example illustrates another immobilization of lysine to a second layer comprised of 
PVA such that the lysine molecules are immobilized through the a-amine group of the 
molecule, while leaving the £-amine group of the lysine molecules are unreacted. This method 
relies on Boc protection of the e-amine group of the lysine molecules. 

A construction of the present invention having a second layer according to Example 
10 is immersed in a 5% solution of carbpnylditmidazolc dissolved in anhydrous 
dimethylfomiamide for 60 minutes. The construction is rinsed in dimethylformamide. N-e- 
B6c-L-lysine (Bachem California, Torrance CA) is dissolved in dimethylfomiamide at a 
concentration of lOmg/ml. The construction is immersed in this solution for 24 hr at 4*C 
with gentle agitation. The construction is then rinsed in dimethylfoimamide. Next, the 
sample is imniersed in a solution of 1 0% trifluoroacetic acid dissolved in dimethylfoimamide 
for 60 min., followed by successive rinsing in dimethylformamide, deionized water, and 
phosphate buffered saline. The resulting article contains lysine inunobilized to the second 
layer exclusively via the a-amine terminus with the e-amme group of the lysine unreacted, or 
free. 

Example 48 

This example illustrates anoth^ immobilization of lysine to a second layer comprised of 
PVA such that the lysine molecules are immobilized through the a-amine group oifthe 
molecule, while leaving the e-amine group of the lysine molecules are unreacted. This method 
relies on FMOC protection of the e-amine group of the lysine molecules. 
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A consuuctlon of the prcsenl invention taving a5econd layer according to Example 
,0 is immersed in a 5% solution of cart«nyIdiimidazole dissolved in anhydrous acetone for 
60 minutes. The construction is successively rinsed in acetone, then aqueous buffer (ISOmM 
NaHCOa. SOOmM NaCl. pH 8.0. A'Q. N-e-FMOC-L-lysine (Bachem California. Torranoc 
5 CA) is dissolved in the coupling buffer at a concentration of lOmBtol. The construct is 
i^scd in this sohition for 24 hr. at 4'C with genUe agitation. 

The construction is rinsed successively in coupling buffer, deionized waicr. ind 
tctrahydrofur-.. The construction is then immersed in a solution of 10% piperidine 
dissolved in tetrahydrofinan for 60 mm. This is followed by successive rinsing m 
.eUahydrofuran.deionizedwater.andco«plingbufrer. Tl»e resulting article 

i^nobilized to the second layer exch.sively via the a^ine terminus vrith the e-amine group 
of the lysine unreacted, or ftee. 
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Example 49 

This «»™pte iU»s~= '™«*'>^ 
l^A such Oiaite l>sh« Mtcute « to"obiUzrf "to c««ri« «^ 

™,«*«hitel«»i»,-Ke^.™*»f*'')«i«-'-^'-'^^ Th»,n«l«Kl 
rdW <« mOC FWleclio. of Ui. po<W of br*- 

JO A«,««.cUo«Of««pma..i.n««i«.l-^.«=«»''^>^ 
,0 is i» . 5% -ta*- of »rt«.,Ullin*l>zol= di..oh«l i» 

di„»Mfon»miae fo.«.n,in».e.. Th.c»«™c««.i.H».di.di««»y.fon»n*l.. N.- 
FMOC^..Iysin.(B«h™C..ifona..T«««.CA)isdi,»<><-i»*m«hW«m^ 
. coc^ndoooflOmgW. Th.co„s»»«ionisin.n»3«.i,y»..oh.««.for24h,«4C 

25 «iU,,»*.r»«-.-Tl«co«.nK.io.U*»n.s«.i.aio«U.yifo«»nu^ 

b,.r c»h«i»dy vi, U« »nni»« wiUi *= "f "i-*^ 
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free. 



ExampleSO 

5 This example ilhistralcs the immobilization of lysine to a second layer comprised of 

poly(ethy Icnciminc) such that the lysine molecules are immobilized through the a-amine group 
of the molecule, while leaving the E-aminc group of the lysine molw^^ This 

method relies on Boc protection of the e-amine group of the lysine molecules. 

A construction of the present invention having a second layer comprised of 

10 poly(clhylencimine) is immersed in a 5% solution of cartwnyldinnidazole dissolved in 

anhydrous acetone for 60 minutes. The construction is successively rinsed in acetone, then 
aqueous buffer (150mM NaHCOa, 500mM NaCl. pH 8.0, 4-C). N^-Boc-L-lysine (Bachem 
California. Torrance CA) is dissolved in the coupling buffer at a concentration of lOmg/ml. 
The construct is immersed in this solution for 24 hr. al 4X v^ith gentle agiiaUon. 

15 The construction is rinsed successively in coupling buffer, deionized water, and 

tetrahydrofuran. The construction is then immersed in a solution of 10% trifluoroacetic acid 
dissolved in tetrahydrofuran for 60 min. This is followed by successive rinsing in 
tetrahydrofuran. deionized water, and coupling buffer. The resulting article contains lysine 
immobilized to the second layer exclusively via the a*amine terminus with the e-amine group 

20 of the lysine unreacted. or free. 

Example 51 

This example illustrates another immobilization of lysine to a second layer comprised of 
25 poly(ethyleneiroine) such that the lysine molecules are immobilized through the a-aminc group 
of the molecule, while leaving the c-amine group of the lysine molecules are unreacted. This 
method relies on Boc protection of the e-amine group of ihe iysinc molecules. 

A construction of the present invention having a second layer comprised of 
poly(ethyleneimine) is inuncrsed in a 5% solution of carbonyldiimidazole dissolved in 
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anhydrous dimctbylfonnamidc for 60 minules. The constiucrton is rinsed in 
dunethylfonnamide. N^-Boc-L-lysine (Bachetn California. Torrance CA) is dissolved in 
dime.hylfom>amide at a concentration of 1 OmgAnl. The construction is immersed in this 
solution for 24 hr at 4X with gcnUe agitation. The construction is then rinsed in 
5 dimethylformamide. Ncx,,tbcsanq,lcisimmersedinasoh.tionof 10%trinuoioacetic«dd 
dissolved in dimethylfonnamide for 60 min.. followed by successive rinsing in 
dimethylformamide. dcionized water, and phosphate buffered saline. The resulting «tiele 
contains lysine immobiUzed to the second Uyer exclusively via the a-amine terminus with the 
e-aminc group of the lysine unreacted, or free, 

10 

Example 52 

This example ilhistrates another immobilization of lysine to . second layer comprised of 
poly(ethyleneimine) such that the lysim: molecules are immobilized through the a-amine group 
,5 ofthemolecule.whileleaving.hee^mineBroupoftheIysinemoleculesa^ This 
method relies onFMOC protection of the e-amine group of the lysine n«,lecules. 

A construction of the present invention having a second layer comprised of 
poly(ed»yIeneimine) is immersed in a 5«/. solution of carbonyldiimidazole dissoh^ed in 
anhydrous acetone for 60 minutes. The construction is succ«sively rinsed in acetone, then 

20 aqueousbu(fer(150mMNaHCO3.500mMNaCl.pH8.0.4-C). N^-FMOC-L-lysine 

(Bachem California, Tonsure CA) is dissolved in the coupling buffer at a concentration of 
,0„.g/„U. The construct is immetsedin this solution for 24 hr.a,4Xwithgentk 

The construction is rinsed successively in coupling buffer, ddonized waier. and 

. .ctrahydrofuran. The construction is Uien immersed in a solution of 10% piperidine 
25 dissolvedintetnihydrofuranfor60mm. This is followed by successive rinsing m 

tetrahydrofuran. deionized w«er. arid coupling buffer. The resulting article conUins lysine 
i„„„obilized to the second layer exclusively via ti.e a-amine terminus with U»e e-amine group 
of Uie lyane unreacted, or free. 
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This example illustrates another immobilization of lysine to a second laj^er comprised of 
poly(ethyleneimiDe) such that the lysine molecules are immobilized through the a-amine group 
of the molecule, while leaving the e-amine group of the lysine molecules are unreacted. This 
method relies on FMOC protection of the e-amine group of the lysine molecules. 

A construction of the present invention having a second layer comprised of 
poly(ethyleneimine) is immersed in a 5% solution of caibonyldiimidazole dissolved iii 
anhydrous dimethylformamide for 60 minutes. The construction is rinsed in 
dimcthylformamide. N-e-FMOC-L-lysine (Bachem California, Torrance CA) is dissolved in 
dimethylfonnamide at a concentration of lOmg/ml. The construction is immersed in this 
solution for 24 hr at 4*C with gentle agitation. The construction is then rinsed in 
dimethylformamide. Next, the sample is immersed in a solution of 10% trifluoroacetic acid 
dissolved in dimcthylformamide for 60 min., followed by successive rinsing in 
dimethylformamide, deionized water, and phosphate buffered saline. The resulting article 
contains lysine immobilized to the second layer exclusively via the a*amine terminus with the 
e-amine group of the lysine unreacted, or free. 

Example 54 

This example illustrates the immobilization of lysine to a second layer comj^ised of 
poly(l-tysine) such thai the lysine molecules are immobilized through the a-amine group of the 

molecule, while leaving the e-aroine group of the lysine molecules are unreacted. This method 
relies on Boc protection of the e-amine group of the lysine molecules. 

A construction of the present invention having a secoiul layer according to iExahiple 
12 is immersed in a 5% solution of carbonyldiimidazole dissolved in anhydrous acetone for 
60 minutes. The construction is successively rinsed in acetone, then aqueous buffer (ISOmM 
NaHCO3.500mMNaCI,pH8.0,4'Q. N-e-Boc-L-lysine (Bachem California, Torrance CA) 
is dissolved in the coupling buffer at a concentration of lOmg/ml. The construct is immersed 
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in this solution for 24 hr. at 4*C with gentle agitttion. 

The cortstnicUon is rinsed successively in coupling bufler, deionizcd water, and 
.etrahydiofinan. The construction is then immersed m a solution of 10% triHuoroacetic add 
dissolved in tetrahydrofuranforMmin. This is followed by successive rinsing in 
tetrahydrofimm. deioniTcd water. aAd coupling buffer. The resulting article contains lysine 
immobilized to the second layer exchisively via the a-amine terminus with the e-amine group 
of the lysine unreacted, or free. 



Example 55 
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This example illustrates another immobilization of lysine to a second layer comprised of 
polyO-lysine) such that the lysine molecules are immobilized though Ihe a^ine gro^p of the 
molecule, while leaving the c-amine group of the lysine molecules are umeacted. THis method 
relies on Boc protection of the e-amine group of the lysine molecules. 

A construction of the present invention having a second layer according to Example 
12 is immersed in a 5% solution of carbonyldiimidazole dissolved in anhydrous 
dnnethylformamide for 60 minutes. The construction is rinsed in dimethylfonnamide. N^- 
Boc-L-lysine (Baehem California, Torrance CA) is dissolved in dimethylformamide at a 
concentration of lOmg/ml. The construction is immersed in this solution for 24 hr at 
with gentle agitation. The construction is Uien rinsed in dimethylformamide. Next, the 
sample is immersed in a solution of 10% trifluoroacetip acid dissolved in dimethylformamide 
for 60 min.. followed by successive rinsing in dimethylformamide. deionized water. »>d 
phosphate buffered saline. The resulting article contains lysine iinmobilized to the second 
.layer exclusively via tiie a-amine terminus witi, the c-amine group of the lysine umeacted. or 
25 free.. 

Example 56 

This example ilh.stnrtes aiwOier immobilization of lysine to a second layer comprised of 
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poIy(Mysine) such that the lysine molecules are immobilized through the a-amine group of the 
molecule, while leaving the e-amine group of the lysine molecules arc unreacted. This method 
relies on FMOC protection of the e-amine group of the lysine molecules. 

A construction of the present invention having a second layer according to Example 
12 is immersed in a 5% solution of carbonyldiimidazole dissolved in anhydrous acetone for 
60 minutes. The construction is successively rinsed in acetone, then aqueous bufier (ISQmM 
NaHCX)3. SOOmM NaCI, pH 8.0, 4*Q. N-e-FMOC-L-lysine (Bachem California, Tonance 
CA) is dissolved in the coupling buffer at a concentration of 1 Omg/^ml. The constriict is 
immersed in this solution for 24 hr. at 4*C with gentle agitation. 

The construction is rinsed successively in coupling buffer, deionized water, and 
tetrahydrofuran. The consuiiction is then immersed in a solution of 10% piperidinc 
dissolved in leirahydroftiran for 60 min. This is followed by successive rinsing in 
tetrahydrofuran, deionized water, and coupling buffer. The resulting article contains lysine 
immobilized to the second layer exclusively via the a-amine termmus with the e-aminc groiq) 
of the lysine unreacted, or free. 

Examples? 

This example illustrates another immobilization of lysine to a second layer comprised of 
poly(Mysine) such that the lysine molecules arc immobilized through the a-amine group of the 
molecule, while leaving the e-amine group of the lysine molecules are uimacted. This method 
relies on FMOC protection of the e*aniine group of the lysine molecules. 

A construction of the present invention having a second layer according to Example 
J 2 is immersed in a 5% solution of carbonyldiimidazole dissolved in anhydrous 
dimethylformamide for 60 minutes. The construction is rinsed in dimethyl formamide. N-e* 
FMOC-L-lysine (Bachem California, Torrance CA) is dissolved in dimethylformamide at a. 
concentration of lOmg/ml. The construction is immersed in this solution for 24 hr at 4*C 
with gentle agitation. The construction is then rinsed in dimethylformamide. Next, the 
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s^mp\c is immersed in a solutioii of 10% Irifluoioacetic acid dissolved in dimethylfomuimide 
for 60 min.. followed by successive rinsing in dimethylformamide. dcionized water, and 
phosphate buffered saline. The resulting article contains lysine immobilized to the second 
layer exclusively via the a-amine lermimis with the e-amme group of the lysine unreacted. or 
5 free. 

Example 58 

This example illustrates a vascular graft made with materials of the present invention. 
10 A vascular graft comprised of a porous polytetraftuoroetbylene material (W.L. Gore & 
Associates. Inc.. nagstaff. AZ) is obtained and subjected to the processes described in 
Examples 1 and 9. above, in order to prepare the graft for immobilizaUon of lysine thereto. 

Lysine is attached to the second layer via any of the processes described in Examples 
46.57. above. The resulting vascular graft has lysine immobilized thereto such that circulating 
15 plasminogen can attach to the immobilized lysim: and form a thrombolytic blood contact 
surface thereon once the graft is implanted in a recipient. 
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I. A material having im2XK)bUized bioactive species comprisi^ 
a support member; 

a first layer comprised of at least oiie species of a polymeric surfactant attached to the 
support member and cross-linked together in siiu; 

a second layer comprised of at least one species of a hydrdj^iiic polymer attached to the 
first layer, and 

at least one type of bioac tive species attached to the secmd layer. 

2. The material of claim 1 wherein the support member comprises a hon-porous polymer 
material. 

3 . The material of claim 2 wherein the non-jxirous polymer material is selected from a 
member of the group consisting of polytetrafluoroetby lene, potyethylene, 
polypropylene, polyethyleneterephthalate, polystyrene, polysulfone, polycarbonate, 
polyethylene*co*vinyl acetate, polyamide, polyurethane. and regenerated cellulose. 

4. The material of claim 1 wherem the support member is selected from a member of the 
group consisting of silk, wool, and leather. 

5 . The material of claim 1 wherein the support member comprises a porous polymer 
material. 

6. The material of claim 5 wherein the porous polymer material is selected from a member 
of the group consisting of porous polytetiafluoroethylene, porous polyethylene, porous 
polypropylene, porous polyethyleneterephthalate, porous poly urelhanc, porous silicone 
rubber, porous polystyrene, porous polysulfone, porous polyester, porous 
polyhydroxyacids, porous polycarbonate, porous polyimide, porous polyamidc, 
porous polyamino acids, and porous regenerated cellulose. 

7 . The material of claim 1 wherein the polymeric surfactant comprises a multifunctional 
copolymer comprised of at least one doniain having a physicochemical affinity for the 
support member and at least one domain that is chemically reactive with a cross-linking 
agent. 
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8 The material of daim 1 wherein the hydrophilic polymer comprises chemically 
functional groups capable of attaching to the first layer and additional chcmKrally 
functional groups capable of attaching to the bioacUvc species. 

The material of claim 1 wherein the polymeric surfactant of the first layer is selected 
from the group consisting of polyvmyl alcohol, polyethylene glycol, polypropylene 
glycol, dexiran, agarose, algmaU, polyacrylamide. polyglycidol, poMvinyl alcoholM»- 
cthylene). poly(ethyleneglycol<o-propyleneglycoD. poly(vinyl acetate<o-vmyl 
alcohol). poly(tetrafluoroeAyleneH:<vvinyl alcohol). poly(acrylonitrik>co-acrylamMle). 
poMacrylonitrile-co-acrylic acid<o-acrylamidine). polyacrylic acid, poly-lysme. 
polycthylcneimme. polyvmyl pynolidone. polyhydroxyethylmethaaylatc. and 
polysulfone. and their copolymers, either alone or in combination. 

n,c material of claim 1 wherein the hydrophilic polymer ofihe second layer is selected 
from the group consisting of polyvinyl alcohol, polylysine. poly(acrylonltnle<o<«iyte 
acid-acylamidine). polyacrylic add. polyhydroxyethylmethacylate. 
polyvinylpyrrolidone, polyethylene glycol, alginate, sephaiose. agarose, 
polyethyleneimme. polyallylamine. polyaminoethyhnethacrylate. polyonuthme. 
polyaminoacrylamide. polyacrylamide. polyacrolein. polyacryloxysuccuumute. 
polysulfone. poly(acTylonitrilc-co-acrylamide). and thdr copolymers, erther alone or « 
combination. 

11. TUcmaterialofclaimlwhereintbehydrophilicpolymercomprisesarandom 
copolymer of tetrafluoroeihylenc and viiiyl aJcobol. 

12. Thematerialofclaim 1 wherein the hydrophilic polymer comprises a copolymer of 
hydroxyelhylmethacrylatc and hcxafluoroaciylate. 

,3. m material of claim 1 wherein the hydrophilic polymer comprises a copolymer of 

polyethylene and viiqrl alcohol 
U. Thematerialof daim 1 wherein a spacer compound is inte^^sed between the second 

layer and the bioaciive species. 

15. Thematcrialofclaiml4whacinthespacercompo««lisse^^ 

group consisting of sucdnic acid, diaminohexane. glyoxyhc acid, shon d«m 
polyethylene glycol, and gfycine. 
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The material of claim .14 wherein the spacer compound is cleavable. 



17. The material of claim 1 6 wherein the cleavable spacer compound is selected from the . 
group consisting of polyhydroxyacids, polyanhydrides, polyamino acids^ tartarates, 
and cysteine-linkers. 

1 8. A material having immobilized bioactive species comprising: 

a supjxm member comprised of a polytetrafluoroethylcne material; 
a first layer comprised of at least one species of a polymeric surfactant attached to the 
support member and cross-linked together w sifu with sufHcient amoimts of a cross- 
linking agent so that unreacted chemically reactive groups of the cross-linking agent arc 
present; 

a second layer comprised of at least one species of a hydrophilic polymer attached to the 
^ first layer through the unreacted chemically reactive groups of the cross-linking agent; 
and 

at least one type of bioactive species attached to the second layer. 

19. The materia] of claim 1 8 wherein the polymeric sinfactant comprises a multifuiKtional 
copolymer comprised of at least one domain having a physicochemical affinity for the 
support member and at least one domain that is chemically reactive with the cross- 
linking agent 

20. . The material of claim 1 8 wherein the hydrophilic polymer comprises chemically 

functional groups capable of attaching to the unreacted chemically reactive groups of the 
cross-linking agent attached to the first layer and having addhional chemically 
functional groups capable of attaching to the bioactive species. 

21. The material of claim 1 8 wherein the polytetrafluoroethylcne material is porous. 

22. The material of clann 1 8 wherein the polytetrafluoroethylcne material is non-porous. 

23. The material of claim 1 8 whdrein a spacer compound is interposed between the second 
layer and the bioactive species. 

24. The material of clahn 23 wherein the spacer compound is selected from a member, of a 
group consisting of succinic acid, diaminohexane, glyoxylic acid, short chain 
polyethylene glycol, and glycme. 
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25. Thcii»terialofclaim23whcremtbesp9Ccrccm,poundisdcavab^ 

, ^ The material of claim 25 wherein the cleavable spacer compound is selecled ftom the 
^u'^stofpolyhydro^^^^^^^ 
and cyslcine-Hnkcrs. 

material. 

and legcneiated cellulose, 
material. 

■1 f.i.im27wh«toltepolyineiKaActantc<>n.pris«san».lUh»^ 
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support member and at Jeast one domain that is chemically reactive with the cross- 
linking agent 

33. The material of claim 27 wherein the hydrophilic polymer comprises chemically 
functional groups capable of attaching to the unreacted chemically reactive groups of the 
cross-linking agent attached to the first layer and having additional chemically 
functional groups capable of attaching to the bioactive q>edes. 

34. The material of claim 27 whmin a spacer compound is interposed between the second 
layer and the bioactive species. 

35. The material of claim 34 wherein the spacer compound is selected from a member of a 
group consisting of succinic acid» diaminohexane. glyoxylic acid, short chain 
polyethylene glycol^ and glycine. 

36. The material of claim 34 wherein the spacer compound is cleavable. 

37. The material of claim 36 wherein the cleavable spacer compound is selected from the 
group consisting of polyhydroxy acids, poly anhydrides, polyamino acids, tartarates« 
and cyisteine-linkers. 

38. A material having immobUized bioactive species comprising: 
a support member; 

a first layer comprised of at least one species of a polymeric surfactant attached to the 
support member and cross-linked together in siw with sufficirat amounts of a cross- 
linking agent so that unreacted chemically reactive groups of the cross-linking agent are 
present; and |l least one type of bioactive species attached to the first layer. 

39. The material of claim 38 wherein the support member comprises a non-porous polymer 
material. 

40. The material of claim 39 wherein the non-porous polymer material is selected from a 
member of the group consisting of polytetrafluoroethylene, polyethylene, 
polypropylene, polyethyleneterephthalate, polystyrene, polysulfone, polycarbonate, 
and regenerated cellulose. 

4 1 . The material of claim 38 wherein the support member comprises a porous polymer 
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Unking agent 

layer and ihc bioactive species. 

Tl» of data 44 wberi» e« .pacer coa>pou»d b «l««d 6^ 

polyethylene slycol, ami rtfcine. 
Tte,»uen.lofcl»m44^0«.I-c.''™»l««^ 

and cyslcinc-linkcrs. 
4,. A™„.ridl»vi.«tan»Mizrfbio.e*«Vctoc«.Vi^ 

:;Xn!:^of«.eas.o«sp.desof.po.,n«*c»..c««^ 

, »^"«*-'-'™"f^'°''t,tt^h.e.chl.y..i.e»..,^.f«^ 
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49. The material of claim 48 wherein the support member coihprises a non-porous polymer 
material. 

50. The material of claim 49 wherein the non-porous polymer material is selected from a 
member of the group consisting of polytetrafluoroethylene. polyethylene, 
polypropylene, polyethyleneterqpbthalate, polystyrene, polysulfone, polycarbonate, 
and regenerated cellulose. 

5 1 . The material of claim 48 wherein the support member comprises a porous polymer 
material. 

52. The material of claim 51 wherein the porous polymer material is selected from a 
member of the group consisting of porous polytetrafluoroethylene, porous 
polyethylene, porous polypropylene, porous polyetbyteneterephthalate, porous 
polyurethane, porous silicone rubber, porous polystyrene^ porous polysulfone, porous 
polyester, porous polyhydroxyacids, porous polycarbonate, porous polyimide, porous 
polyamide, porous polyamino acids, and porous regenerated cellulose. 

53. The material of claim 48 wherein a spacer compound is interposed between at least one 
layer of the plurality of layers and the bioacti vc species. 

54. The material of clahn 53 wherein the spacer compound is selected from a member of a 
group consisting of succinic acid, diaminohexane, glyoxylic acid, short chain 
polyethylene glycol, and glycme. 

55. The material of claim 53 wherein the spacer compound is cleavable. 

56. The material of claim 55 wherein the cleavable spacer compound is selected from the 
group consisting of polyhydroxyacids, poly anhydrides, polyamino acids, tartarates, 
and cysteine-linkers. 

57. A method of making a material having hnmbbilized bioactive species which comprises: 
providing a support member; 

adsorbing a first layer comprised of polymeric surfactants to the suppoit member, 
cross-linking the polymeric surfactants in situ with a cross-lmking agent; 
attaching a second layer comprised of at least one type of hydrophilic polymer to the 
first layer, and 
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immobilizing a bioactivc species to the second byer. 

The method of claim 57 wherein the support member is a non-porous polymenmitc«L 
mmethodof claim 57 wherein .be support member is a porous polymer materiaL 

-n^ method of claim 57 wherein the polymeric surfactants ate selected fiom a member 
rjgroupco„sisti„gofpolyvinylalcc*ol.polye.hyleneglyco^^ 
lt^lfLL.ag».se. alginate, polyaoylamide.^^^^^ 
S^elyleI^.y(etbyleneglycoI^^ 

^Itl ^^/poMtetrafluorocthy.^^^^ alcohol,. Hy<ac.>^om^l«o. 

aSJidc).poly(ac^lonitrile^aaylicaci^^^^^ 

po,yamide.po.y-.ysine.Hye%.eneim^^^ 

polyhydroxycthyhncthacrylate. polysulfone. and polysaccanoes. aoo y~ 
either alone or in combination. 

, , The method of claim 57 wherein the hydrophilic polymers are selected from a member 
I?r^:^lsistingofpo.yvinylalcohol.,x.ly.y^^ 
acid-aciylamidine). polyacrylic acid, polyhydroxyethybnethacrylate. 

combmatioiL 

^ en,.p co„sis.inf «' vinyls ^Tl^luL, 
imides. and maWmides. 
•63 The method ofcbiro 57 further comprising: .u 

agent are present 
^iA The method of claim 57 fiBther comprising: 
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conditions thai do not produce polymerization of the cross-linking agent. 

65. The method of claim 57 further comprising: 

using a catalyst with the. cross-linking agent that evolves as a gas folk>wing the cross* 
linking step. 

66. The method of claim 57 further comprising: 

usmg a catalyst with the cross-linking agent in the form of a dissolved gus. 

67. The material of claim 1 wherein the material is produced through the following process: 
providing a support member, 

attaching a first layer comprised of polymeric surfactants to the support member; 
cross-linking the polymeric surfactants in situ with a cross-linking agent; 
attaching a second layer comprised of at least one type of hydrophilic polymer to the 
first layer; and 

immobiliziiig a bioactive species to the second layer. 

68. The material of claim 67 wherein the support member comprises a non-porous polymer 
material 

69« The material of claim 68 whoein the non-porous polymer material is selected from a 
member of the group consisting of polytetrafluoroethylene, polyethylene, 
polypropylene, polyethyleneterephthalaie, polystyrene, polysulfone, polycarbonate, 
and regenerated cellulose. . 

70. The material of claim 67 wherein the support member comprises a porous polymer 
material. 

7 1 . The material of claim 70 wherein the porous polymer material is selected from a 
member of the group consisting of porous poly tetrafluoroiethylene, porous 
polyethylene, porous polypropylene, porous polyethyleneterephthalate, porous 
polyurethane, porous silicone rubber, porous polystyrene, porous polysulfone, porous 
polyester, porous polyhydroxyacids, porous polycarbonate, porous polyimide, porous 
polyamide, porous polyamino acids, and porous regenerated cellulose. 

72. The material of claim 67 wherein the polymeric surfactant comprises a multifunctional 
copolymer comprised of at least one domain having a physicpchemical affinity for the 
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support number and at least cmc donuin Uiat is chemkally 
linking agent 

73. The maierial of claim 67 wherein a spacer rompound is intcn»sed between the fiist 
layer and the bioaclivc species. 

74 The material of claim 73 wherein the spacer compound is selected firom a member of . 
consisting of succinic acid, diaminohexane. glyoxylic acid, short cham 
polyethylene glycol, and glycine. 



75. 



The material of claim 73 wherein the spacer compound is deavable. 



76 ThematerialofcUhn75wbe«inthecleavabkspacercompoundissd«tedl^ 
' group consistingof polyhydroxyacids. polyanbydrides. polyamino aads, tartaialcs. 
and cystcinc-Iinkcrs. 

77. A vascular graft comprising: 

a second layer comprised of at least one species oi a nytavv"^ i~ J 

T^Z^cr of lysine attached to .he seco^l layer, the second layer and 
immobilized lysine serving as a blood contact surface. 
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